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Cardiovascular disease is a leading cause of morbidity and mortality, with a multitude 
of modifiable risk factors including poor physical fitness, cardiometabolic and mental 
health. Exercise training is an effective strategy that can improve important 
cardiometabolic and mental health outcomes. High-intensity interval training (HIT) is 
a form of exercise training that can elicit physiological and psychological adaptations 
similar to traditional prescriptions of moderate intensity exercise; however the majority 
of research to date has been confined to laboratory environments, and as such the 
effectiveness of HIT outside of the laboratory is unclear. One setting in which the 
effectiveness of HIT is beginning to be explored is the workplace. Accordingly, this 
thesis describes a mixed methods programme of work with the overall aim of 
exploring the effects of workplace-based HIT on markers of physical fitness, 
cardiometabolic and mental health in employees.  
 
Firstly, a systematic review is presented aiming to quantify the effects of workplace 
exercise interventions on cardiorespiratory fitness. Here, random effects meta-
analysis demonstrated meaningful improvements in cardiorespiratory fitness, post-
intervention. Subsequently, a qualitative formative evaluation explored the feasibility 
and acceptability of a proposed workplace-based HIT trial named Brief Exercise at 
Work (BE@Work), with data used to further develop the BE@Work protocol. 
Accordingly, the acute physiological and psychological responses to novel HIT modes 
selected by formative evaluation participants were explored in a randomised cross-
over trial. As the novel modes of HIT elicited physiological responses indicative of 
high-intensity exercise, they were incorporated into a controlled feasibility trial of an 
8-week workplace-based HIT intervention.  
 
The BE@Work trial was advertised in two workplaces where ~400 individuals were 
employed. Seventy-seven individuals responded to recruitment attempts (global 
emails, presentations in meetings and taster sessions) and were assessed for 
eligibility. Fifty four participants completed baseline testing. Outcome measures were 
cardiorespiratory fitness (Chester step test); leg extensor muscle power (Nottingham 
Leg Rig); hand grip strength (hand dynamometer); blood pressure (automatic 
monitor); blood lipids and glucose (finger-prick point-of-care testing), body mass 
index, waist circumference and questionnaire assessed health-related quality of life, 
psychological wellbeing and perceived stress. All outcome measures were assessed 
in the workplace. With the exception of the Nottingham Leg Rig, the assessment 
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methods were found to be feasible and acceptable for data collection in a workplace. 
The Nottingham Leg Rig, is heavy and cumbersome which caused difficulty during 
transportation of the equipment, and noise from the device disturbed the working 
environment.  
 
During the BE@Work trial 20 (±3) out of 24 possible workplace HIT sessions were 
attended (range: 14 to 24 sessions). Post-intervention, meaningful improvements 
were observed in cardiorespiratory fitness, two domains of health-related quality of 
life and perceived stress, compared with control. There were no meaningful effects 
on markers of muscular fitness, anthropometry, blood pressure, blood lipids and 
glucose or psychological wellbeing. The findings of this thesis demonstrate that novel 
modes of HIT can be feasibly incorporated into a workplace-based exercise 
intervention capable of eliciting improvements in important markers of physical fitness 
and mental health. However, it is acknowledged that the BE@Work trial was 
exploratory in nature and used a predictive assessment of cardiorespiratory fitness 
and therefore the implementation of a definitive multi-site RCT is warranted before 
stronger conclusions can be made about the feasibility and effectiveness of 
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Chapter 1: Introduction 
 
Cardiovascular disease (CVD) is the name given to a group of disorders of the heart 
and blood vessels, including coronary heart disease (CHD); cerebrovascular disease; 
peripheral artery disease; aortic atherosclerosis and thoracic or abdominal aortic 
aneurysm (Nabel, 2003). Cardiovascular disease accounts for 45% of deaths in 
Europe each year (Wilkins et al., 2017). Between 1990 and 2015, the prevalence of 
CVD in Europe increased by 34% in males and 29% in females (Wilkins et al., 2017). 
In the United Kingdom (UK), the healthcare costs associated with CVD have been 
estimated at approximately £10 million per annum (Wilkins et al., 2017). It is, 
therefore, unsurprising that notable public health agencies (including the National 
Institute for Health and Care Excellence and the European Society of Cardiology) 
have called for increased focus on the prevention of CVD, as opposed to a treatment 
focused model (National Institute for Health and Care Excellence, 2018; Piepoli et al., 
2016), to reduce the associated burden of disease. 
 
The development of CVD is associated with a number of risk factors including low 
cardiorespiratory fitness (CRF) (Lee et al., 2010); poor muscular fitness (Silventoinen 
et al., 2009); hypertension (Stanaway et al., 2018); dyslipidaemia (Miller, 2009); 
diabetes and/or hyperglycaemia (Lupsa & Inzucchi, 2018) and abdominal obesity 
(Klein et al., 2007). The clustering of cardiometabolic risk factors (e.g. hypertension, 
dyslipidaemia, hyperglycaemia, and abdominal obesity) can confer additional risk 
beyond that of each of the individual risk factors alone (Marrachelli et al., 2016). 
Furthermore, individuals with low CRF levels (defined as <35.1 mL·kg−1·min−1 in 
women and <44.2 mL·kg−1·min−1 in men) are estimated to be five and eight times, 
respectively, more likely to display cardiometabolic risk factor clustering than those 
with high CRF levels (≥40.8 and ≥50.5 mL·kg−1·min−1 in women and men, 
respectively) (Aspenes et al., 2011).  
 
It is therefore concerning that a number of CVD risk factors are notably poor in adult 
populations (Joseph et al., 2017; Mokdad et al., 2014). More specifically, CRF levels 
(often measured as maximal oxygen consumption (VO2max)) are estimated to have 
declined by 1.6% per decade globally since 1967 (Lamoureux et al., 2019) and 
hypertension prevalence has increased globally by 5.2% since 2000 (Mills et al., 
2016). Fasting blood glucose has increased by 0.07 mmol.L-1 in men and 0.09 
mmol.L-1 in women per decade since 1980 (Danaei et al., 2011) and in England 
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average waist circumference (a marker of abdominal adiposity) increased by 8cm in 
men and women between 1985 and 2009 (Hulmán et al., 2014). Furthermore, 63.3% 
of the UK population is estimated to have elevated total cholesterol (Wilkins et al., 
2017), and 20% of the European population have been estimated to have abnormal 
triglyceride and high-density lipoprotein cholesterol (HDL-C) levels (Halcox et al., 
2017).  
 
Given the concerning trends in a number of important CVD risk factors, coupled with 
increasing CVD prevalence and the associated health care costs; novel interventions 
aiming to improve CVD risk factors in adult populations are vital. Physical activity or 
exercise training are interventions which have been associated with improvements in 
a range of cardiometabolic health outcomes including improvements in CRF, lipid 
profiles and markers of glycaemic control (Lin et al., 2015), markers of abdominal 
adiposity (Vissers et al., 2013) and reduced blood pressure (Cornelissen & Smart, 
2013). Given the inverse association between CRF and CVD risk factor clustering 
(Aspenes et al., 2011), the promotion of CRF is a critical adaptation that can occur 
via physical activity or exercise training. Notwithstanding the physical health and 
fitness benefits associated with physical activity or exercise training, a more holistic 
view of health encompasses both physical and mental health (World Health 
Organization, 2017). This is particularly important as one in four adults are expected 
to experience mental ill health during their lifetime (World Health Organization, 2001), 
which can significantly reduce an individual’s functional and social capacity (Keyes, 
2005). Furthermore, a consistent negative association between low levels of physical 
activity defined as ≤150 minutes per week of moderate to vigorous intensity physical 
activity and negative mental health has been reported (Schuch et al., 2018) , as has 
a consistent positive association between adequate physical activity levels defined 
as ≥150 minutes per week of moderate to vigorous intensity physical activity and 
positive mental health outcomes such as wellbeing (Mason & Kearns, 2013) and 
health-related quality of life (HR-QoL) (Bize et al., 2007). These findings suggest that 
physical activity or exercise training could prevent the development of mental ill health 
or improve perceptions of positive mental health.  
 
In light of the range of morphological, metabolic and psychological adaptations that 
can be promoted by physical activity or exercise training, notable public health 
agencies have published physical activity guidelines detailing the dose of physical 
activity or exercise training recommended to promote health (Department of Health, 
2011; US Department of Health and Human Services, 2008; World Health 
15 
 
Organization, 2010). Historically, public health physical activity guidelines have 
focused on prescriptions of 150 minutes of moderate, or 75 minutes of vigorous 
intensity activity, or a combination thereof per week. However, in the most recent 
iteration of the UK (Department of Health and Social Care, 2019) and United States 
(US) physical activity guidelines (2018 Physical Activity Guidelines Advisory 
Committee, 2018), the use of high-intensity interval training as a means of improving 
health and fitness outcomes in adults has been included for the first time (Campbell 
et al., 2019).  
 
High-intensity interval training (HIT) is a form of exercise characterised by brief 
intermittent bursts of exercise performed at high-intensity, interspersed with periods 
of rest or active recovery (Fox et al., 1973). The inclusion of HIT in the latest iteration 
of the US and UK public health physical activity guidelines is based on accumulating 
evidence demonstrating that forms of HIT can elicit favourable adaptations in a range 
of physical fitness and cardiometabolic health variables such as CRF (Bacon et al., 
2013; Milanovic et al., 2015; Weston et al., 2014b); blood pressure (Costa et al., 
2018); lipid profiles and markers of glycaemic control (Campbell et al., 2019; 
Jelleyman et al., 2015); and body composition (Maillard et al., 2018; Viana et al., 
2019). Part of the appeal of HIT is that the intermittent nature can allow participants 
to maintain high-intensity exercise for longer periods of time in comparison to 
continuous exercise (Guiraud et al., 2012), thus eliciting a training stimulus while 
permitting reduced exercise time (Milanovic et al., 2015). This could be particularly 
valuable given that ‘lack of time’ is a commonly cited barrier to physical activity and 
exercise training participation (Justine et al., 2013; Reichert et al., 2007; Trost et al., 
2002). However, it has been argued that the ‘lack of time’ barrier to physical activity 
participation, actually reflects other psychological processes such as values (Biddle 
& Batterham, 2015). For example, when an individual states that they ‘do not have 
time to exercise’, they are assigning a specific value to that activity and are therefore 
indicating that they do not value the activity of exercise (Biddle & Batterham, 2015). 
If this is the case, it has been suggested that a focus on the enjoyment, value attached 
to the outcome of the activity or the affective response to the activity, may enhance 
participation more than ensuring an activity is time efficient (Biddle & Batterham, 
2015). Indeed, while the ‘time efficient’ nature of HIT is often described as a benefit 
of this form of training (Gibala et al., 2012), the true time efficiency has been contested 
because total session length in some HIT protocols including warm-up, cool down 
and rest breaks is similar to traditional prescriptions of moderate intensity continuous 
training (MICT) (~30 minutes) (Hardcastle et al., 2014). This criticism may only apply 
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to certain HIT models, however, and despite the on-going debate, the evidence 
demonstrating the potential for HIT to elicit favourable adaptations in important 
cardiometabolic risk factors supports the promotion of HIT as a viable alternative, or 
perhaps adjunct to, traditional prescriptions of physical activity included in public 
health guidelines (2018 Physical Activity Guidelines Advisory Committee, 2018). This 
is especially important because objectively measured compliance with physical 
activity guidelines remains low (5% to 47%) (Colley et al., 2011; Marsaux et al., 2016; 
Troiano et al., 2008), which could indicate that traditional physical activity 
prescriptions may not be perceived as feasible, acceptable or engaging for some 
individuals (Ball et al., 2004; Berry et al., 2010).  
 
Despite the inclusion of HIT in public health physical activity guidelines, the potential 
for HIT to promote population wide health and fitness adaptations remains 
contentious (Biddle & Batterham, 2015; Hardcastle et al., 2014). Opponents of HIT 
do not contest the utility of HIT for eliciting improvements in health and fitness 
variables in tightly controlled laboratory environments (Biddle & Batterham, 2015) (i.e. 
the efficacy of HIT (Courneya, 2010)). Rather, there is dispute surrounding the 
potential effectiveness of HIT in non-laboratory settings, under ‘real-life’ conditions, 
with minimal supervision and exercise equipment (Biddle & Batterham, 2015). These 
assertions are based on the foundation that HIT could elicit negative affective 
responses given the high-intensity nature of the exercise (Ekkekakis et al., 2011) and 
requires specialist equipment (such as cycle ergometers) which would lead to poor 
adoption and maintenance of the behaviour (Biddle & Batterham, 2015). The former 
standpoint has been challenged in light of accumulating evidence that HIT can elicit 
positive psychological responses similar to MICT prescriptions (Stork et al., 2017). 
However, to address concerns regarding the effectiveness of HIT, interventions are 
required in settings outside the laboratory (often described as ‘real-world’ settings), 
using modalities that do not require access to specialist equipment (Biddle & 
Batterham, 2015; Gray et al., 2016).  
 
One real-world setting in which the effectiveness of HIT in adults has recently begun 
to be examined is the workplace (Allison et al., 2017; Shepherd et al., 2015). 
Workplaces are relatively controlled environments that provide access to a 
considerable proportion of the adult population, within natural social networks 
(Dishman et al., 1998). For these reasons, the workplace has been identified as a 
priority setting for health promotion initiatives (National Institute for Health and Care 
Excellence, 2008; World Health Organization, 2007). From an organisational 
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perspective, a desire to reduce healthcare or absenteeism costs and enhance 
employee health and productivity could provide a rationale for organisations to 
implement such strategies (Pescud et al., 2015), particularly since low physical 
activity levels have been associated with sickness absence (Virtanen et al., 2018). 
Although the provision of facilities to support physical activity in the workplace, such 
as structured exercise programmes, have been associated with a greater likelihood 
of achieving public health physical activity guidelines (Hipp et al., 2017; Knox et al., 
2017), such interventions may overlook the prevailing notion that ‘lack of time’ is a 
commonly cited barrier to physical activity participation both within (Fletcher et al., 
2008; Hunter et al., 2018) and outside (Justine et al., 2013) the workplace. Therefore, 
time efficient exercise strategies such as HIT have potential to overcome such 
barriers and may therefore represent a feasible alternative to traditional prescriptions 
of MICT, which are commonly utilised in workplace physical activity interventions 
(Conn et al., 2009). 
 
The effects of  workplace-based HIT have been investigated in two published studies 
to date (Allison et al., 2017; Shepherd et al., 2015). Shepherd et al., (2015) compared 
a prescription of cycle ergometer based HIT, involving ≤25 minutes of repeated 15-
60 sec high-intensity bouts, at ≥90% maximal heart rate (HRmax) thrice weekly, with 
five sessions per week of cycle ergometer MICT involving 30-45 mins at ~70% HRmax, 
in 99 healthy but inactive employees in an English university gym setting. Allison et 
al., (2017) examined the effects of two stair climbing HIT protocols involving a 3x 
20sec protocol and a 3x 60sec protocol conducted thrice weekly for six weeks, in 31 
healthy but inactive women from a Canadian university. Post-intervention, both trials 
reported improvements in CRF of between 2.1 to 3.5 mL·kg-1·min-1. Shepherd et al., 
(2015) also reported improvements in cholesterol (-0.3 mmol.L-1), HDL-C (+0.04 
mmol.L-1), triglycerides (-0.13 mmol.L-1) and fat mass (-0.8 kg), which were not 
statistically significantly different from the MICT group. Conversely, Allison et al., 
(2015) reported no substantial changes from baseline in cardiometabolic health 
markers including blood pressure, blood glucose and body composition.   
 
Although the above preliminary findings indicate the potential feasibility of 
implementing HIT into a workplace environment, a number of limitations exist in the 
current evidence base which will be discussed in more detail in the subsequent 
chapter of this thesis. Briefly, a lack of a no-exercise control group limits the 
confidence with which the findings can be interpreted, given the substantial biases 
that arise with non-controlled designs (Hariton & Locascio, 2018). Both trials were 
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conducted in a university setting, which limits the generalisability of the current 
evidence base. With the exception of two mental health variables (affect and 
perceptions of health) assessed by Shepherd et al., (2015), the investigation of the 
effects of workplace HIT on a wider variety of mental health variables is lacking. 
Lastly, it is questionable if cycle ergometer exercise would be feasible in some 
organisations given the cost and space requirements associated with this form of 
exercise. Although stair climbing is arguably more accessible than cycle ergometers, 
access to a large tower block could be required, which could be problematic in some 
organisations. ‘Variety’ has been identified as a facilitator to exercise intervention 
adherence (Morgan et al., 2016) therefore the use of a single exercise modality 
across an entire intervention, as was the case with both previous workplace HIT trials, 
may not facilitate adherence or compliance in some individuals. To begin to address 
these gaps in the literature, controlled workplace HIT trials are needed in settings 
other than university environments, with consideration of a more holistic battery of 
outcome variables and using a range of creative and accessible exercise modalities.  
 
1.1 Programme framework and aims 
In the chapters of this PhD thesis, the development, implementation and evaluation 
of a workplace HIT intervention are described, with the overall aim of exploring the 
effects of workplace-based HIT on markers of physical fitness, cardiometabolic and 
mental health outcomes in adult employees. The programme of work involved an 
iterative mixed methods approach, culminating in the evaluation of the Brief Exercise 
at Work trial (referred to herein as BE@Work). In line with the Medical Research 
Council (MRC) framework for the development and evaluation of complex 
interventions (Craig et al., 2008), the development of BE@Work was based on a 
phased approach, where the findings of earlier studies informed the research 
questions and methods of subsequent work.  
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Figure 1 the iterative development of the BE@Work intervention. 
  
The development and implementation of the BE@Work trial is shown in Figure 1. The 
first stage of work is the development phase, where the evidence base is explored 
using systematic review methods and primary research with relevant stakeholders. 
As such, following this introduction, Chapter Two consists of a literature review aiming 
to provide an in-depth background and scientific rationale for the BE@Work trial. This 
is followed by a systematic review and meta-analysis quantifying the effects of 
workplace-based exercise interventions on CRF (Chapter Three). In Chapter Four a 
formative evaluation of the BE@Work programme is described involving qualitative 
focus groups and one-to-one interviews. The second phase of the MRC framework 
involves piloting and feasibility testing of the intervention. Accordingly, in Chapter Five 
a randomised cross over trial examining the acute physiological and psychological 
responses to three novel modes of HIT is reported. The final phases of the MRC 
framework involve the implementation and evaluation of the intervention. In Chapter 
Six the implementation and evaluation of a controlled feasibility trial of the BE@Work 
trial is presented. Finally, the thesis concludes with a synthesis of all presented 
findings and discussion of the research and practical implications (Chapter Seven). 
The individual aims of the research studies presented in this thesis are shown in Table 
1. 
 
• October '16 to April '18
• Study 1: systematic 
review and meta-
analysis 
• June to November '17




• November '17- April '18
• Study 3: Acute 
physiological and 
psychological responses 
to novel modes of HIT
Pilot phase
• April- June '18
• Study 4: controlled 







Table 1 Aims of the research studies presented in the thesis 
Chapter Study title Aim Objective 




fitness: a systematic 
review and meta-
analysis of controlled 
trials. 
To synthesise and 




1.) To use random effects meta-
analysis to quantify the effects of 
workplace exercise interventions 
consisting of at least moderate 
intensity activity on VO2max.  
2.) To explore the modifying effects 
of study and participant 
characteristics. 
Four Study Two. A formative 
evaluation of a 
workplace-based high-
intensity interval training 
intervention: the 
development of the Brief 
Exercise at Work 
(BE@Work) trial 





1.) To use qualitative focus group 
and interview data to formatively 
evaluate a proposed workplace 
HIT trial in workplaces in the 
Teesside area of North East 
England. 
2.) To use the findings of the 
formative evaluation to further 
develop BE@Work trial protocol. 
Five Study Three. Acute 
physiological and 
perceptual responses to 
three novel modes of 
high-intensity interval 
training. 
To explore whether 
novel modes of HIT 
could elicit a high-
intensity exercise 
response (e.g. 
≥85% HRmax) and to 
assess the 
psychological 
responses to these 
modes of HIT  
1.) To use a randomised cross-over 
trial to assess the acute 
physiological (heart rate and 
blood pressure) and 
psychological (rating of perceived 
exertion, mood and enjoyment) 
responses to prototype HIT 
protocols in adults based on stair 
climbing, stepping and boxing 
2.) To explore whether these 
outcomes substantially differed 
across HIT modes. 
Six Study Four. Brief 
Exercise at Work 
(BE@Work): a 
controlled feasibility trial 
of a high-intensity 
interval training 
intervention delivered in 
the workplace 
To explore the 
feasibility and 
effects of a HIT 
intervention 
delivered in the 
workplace  
1.) To implement a controlled 
feasibility trial of an 8-week multi-
activity workplace-based HIT 
intervention  
2.) To explore the feasibility and 
effects of a workplace-based HIT 
intervention on markers of physical 
fitness, cardiometabolic and mental 





Chapter 2: Review of the literature 
 
2.1 Overview 
As a diagnostic category, cardiovascular disease (CVD) includes four main 
conditions: coronary heart disease (CHD) (including myocardial infarction, angina 
pectoris, heart failure and coronary death); cerebrovascular disease (stroke and 
transient ischemic attack); peripheral artery disease; aortic atherosclerosis and 
thoracic or abdominal aortic aneurysm (Nabel, 2003). In 2010, CHD and stroke 
accounted for one in four deaths worldwide, compared with one in five in 1990 
(Lozano et al., 2012). Data from the World Health Organization mortality database 
(World Health Organization, 2018) indicates that CVD accounts for more than 45% of 
total deaths in Europe (Wilkins et al., 2017). Between 1990 and 2015 CVD prevalence 
increased by 34% in males (30.8 million to 41 million cases) and 29% in females (34 
million to 44 million cases) in Europe and by 10% (2.3 million to 2.6 million cases) in 
the UK, although data were not stratified by sex for UK data (Wilkins et al., 2017).  
 
Health has been defined as a state of complete physical, mental and social wellbeing, 
not merely the absence of disease (World Health Organization, 2017). This definition 
is important with regard to health promotion, as one in four adults are estimated to 
experience mental ill health within their lifetime (World Health Organization, 2001). 
Aside from the psychological impact of the conditions themselves, mental illnesses 
have also been associated with various physical health complications. For example, 
individuals suffering from depression are twice as likely to develop Type II Diabetes 
Mellitus (T2DM), and the prevalence of CVD is three to five fold higher than in 
individuals without depression (Fenton & Stover, 2006).  
 
In 2018, the Department of Health and Social Care within the UK Government 
highlighted a commitment to a ‘prevention focused’ model of health and social care 
policy (Department of Health and Social Care, 2018). Prevention was defined as a 
process of “helping people stay healthy, happy and independent for as long as 
possible. This means reducing the chances of problems from arising in the first place” 
(Department of Health and Social Care, 2018, p5.). This policy highlights the 
importance of the prevention of chronic physical and mental health conditions, as 
opposed to a treatment focused model. In light of this, the work presented in this 
thesis will focus on the use of exercise to elicit improvements in modifiable risk factors 
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for CVD and mental health conditions, as opposed to exercise for the treatment of 
such conditions.  
 
There are a range of modifiable risk factors for CVD including low CRF (Lee et al., 
2010), poor muscular fitness (Silventoinen et al., 2009), hypertension (Stanaway et 
al., 2018), dyslipidaemia (Miller, 2009), diabetes and/or hyperglycaemia (Lupsa & 
Inzucchi, 2018), and abdominal obesity (Klein et al., 2007) as well as behavioural risk 
factors such as smoking, poor diet and physical inactivity (Castelli, 1984). Although 
there is also undeniably heritability associated with CVD risk (Kathiresan & 
Srivastava, 2012), the focus of this PhD thesis is on the application of exercise 
training; therefore, the following literature review will focus on the CVD risk factors 
that could feasibly be altered with exercise training (Swift et al., 2013).  
 
This thesis will use the definitions of “physical activity” and “exercise” described by 
Caspersen et al., (1985). Here, physical activity is defined as “any bodily movement 
produced by skeletal muscles that results in energy expenditure” (Caspersen et al., 
1985, p126). This definition encompasses a broad range of activities (e.g., active 
commuting and occupational physical activity), whereas “exercise” is defined as a 
subset of physical activity that is “planned, structured, and repetitive and has as a 
final or an intermediate objective of the improvement or maintenance of physical 
fitness” (Caspersen et al., 1985, p128). Notwithstanding the substantial body of 
evidence demonstrating the strong inverse relationship between habitual physical 
activity and all-cause mortality and CVD risk (Kannel, 1967; Lee et al., 2012), the 
focus of this thesis is the application of a form of exercise training (HIT). Unless 
otherwise stated, this literature review will focus on the application and effects of 
structured exercise training with a limited discussion of more broadly defined physical 
activity where necessary.  
 
The aim of this literature review chapter is to provide an in-depth background for the 
chapters that will be presented subsequently in the thesis. The physical fitness, 
cardiometabolic and mental health variables relevant to this thesis will be examined, 
followed by discussion of the workplace as a setting for the promotion of physical 
activity or exercise training. The effects of HIT on each of the variables relevant to the 
thesis will then be discussed in turn. The literature review will culminate with 




2.2 Risk Factors  
2.2.1 Cardiorespiratory fitness 
 
2.2.1.1 Cardiorespiratory fitness: definition 
Cardiorespiratory fitness is defined as “the ability of the circulatory, respiratory, and 
muscular systems to supply oxygen during sustained physical activity” (Lee et al., 
2010), usually expressed as maximal oxygen consumption (VO2max). Maximal oxygen 
consumption is commonly used in clinical and research practice as a measure of the 
functional capacity of the cardiorespiratory system; and is the product of cardiac 
output (L.min-1) and maximal arteriovenous oxygen difference (Garber et al., 2011; 
Swain, 2013). Age, sex and fitness level can cause variations in VO2max, which result 
largely from differences in cardiac output (Swain, 2013). For this reason the primary 
determinant of VO2max is thought to be the functional capacity of the heart (Bassett Jr 
& Howley, 2000).  
 
The terms VO2max and peak oxygen consumption (VO2peak) are often used 
interchangeably in the literature yet there is a distinction between the values. Peak 
oxygen consumption represents the highest measured value of oxygen consumption 
on a specific test, whereas VO2max is the true maximal oxygen consumption of the 
individual. Although VO2peak describes the highest value attained during a maximal 
oxygen consumption test, it does not necessarily define the highest value attainable 
by the participant (Poole & Jones, 2017; Poole et al., 2008). As such, this thesis will 
use the term VO2max throughout.  
 
2.2.1.2 Cardiorespiratory fitness: link to health 
An inverse association between CRF and CVD and all-cause mortality has been 
reported in a number of epidemiological studies. In a meta-analysis of 33 
observational cohort studies (n=102,980), Kodama and colleagues (2009) reported 
that every 1 metabolic equivalent of task (MET) (equivalent to 3.5 mL·kg-1·min-1) 
increase in CRF is associated with a 15% and 13% reduction in relative risk of 
CVD/CHD and all-cause mortality, respectively. However, this does not consider the 
impact of changes in CRF on mortality risk. In a longitudinal follow-up study of 579 
men (aged 42-60 years), Laukkanen et al., (2016) reported that a 1 mL·kg-1·min-1 
improvement in CRF (over a median follow up period of 13.3 years) was associated 
with a 9% relative risk reduction in all-cause mortality. Furthermore, individuals with 
low CRF (defined as ≤35.1 mL·kg−1·min−1 in women and ≤44.2 mL·kg−1·min−1 in men) 
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were estimated to be five and eight times, respectively, more likely to have a cluster 
of CVD risk factors (including hypertension, dyslipidaemia, hyperglycaemia, and 
abdominal obesity) than those with high CRF (≥40.8 mL·kg−1·min−1 in women and 
≥50.5 mL·kg−1·min−1 in men) (Aspenes et al., 2011). It is particularly concerning then, 
that a recent meta-analysis including data from 2,525,827 men and women from eight 
countries in North American, Asia and Europe reported that CRF levels declined by 
7.7% (95% CI: −8.4 to −7.0%) between 1967 and 2016 (Lamoureux et al., 2019). In 
light of this concerning trend in CRF, the promotion of this outcome is vital.  
 
2.2.1.3 Cardiorespiratory fitness: measurement  
The gold standard VO2max test is a maximal cardiopulmonary exercise test (CPET) 
until exhaustion, on either a cycle ergometer or treadmill (Shephard, 1968). During a 
CPET, pulmonary ventilation and expired volumes of oxygen and carbon dioxide are 
measured using open-circuit spirometry which requires the participant to breathe 
through a mask covering the nose and mouth (Riebe, 2018; Swain, 2013). Although 
CPET gives the most thorough quantification of VO2max, it is a cost and labour-
intensive test (Garber et al., 2011). As CPET requires participants to exercise to the 
point of volitional exhaustion, this requires not only high participant motivation, but 
may require medical supervision in high risk individuals (Riebe, 2018). For these 
reasons maximal CPET measurement of VO2max is generally reserved for use in 
clinical or laboratory-based research settings (Garber et al., 2011; Swain, 2013). 
Maximal oxygen consumption can also be predicted using a range of submaximal 
exercise tests (Swain, 2013).  
 
There are several assumptions underpinning the submaximal prediction of VO2max 
(Garber et al., 2011; Riebe, 2018; Swain, 2013). The first assumption is that in healthy 
non-medicated participants (i.e. those not prescribed a β-blocking agent), maximal 
heart rate (HRmax) can be predicted as a function of age. Maximal heart rate is 
influenced by age and age-related neural influences, such as reduced sensitivity to 
sympathetic stimuli that compromises myocardial contractility and pumping ability 
(Fletcher et al., 2013; Tanaka et al., 2001). For one commonly used equation (HRmax= 
220–age in years) (Robergs & Landwehr, 2002) between subject variability is ±12 
beats per minute (BPM) (Fletcher et al., 2013). Whereas an alternative prediction 
equation was developed by Tanaka et al., (2001) (208 - 0.7*age in years). Here, true 
HRmax was determined via CPET and stepwise regression analysis revealed that age 
explained ∼80% of the individual variance in HRmax (Tanaka et al., 2001). Although 
true HRmax was inversely related to age (r = -0.90) between-subject variation in true 
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HRmax was evident with standard deviations ranging from 7 to 11 BPM (Tanaka et al., 
2001). The second assumption in the submaximal prediction of VO2max is that a linear 
relationship exists between oxygen consumption (VO2) and heart rate at a given work 
rate (Swain, 2013). However, at higher intensities VO2, heart rate and power output 
do not always follow a linear relationship, as a deflection between VO2 and heart rate 
can occur (Billat & Lopes, 2006; Zoladz et al., 1998). This deflection causes errors in 
the estimation of VO2max of ±15% (Sartor et al., 2013). Thirdly, it is assumed that the 
heart rate of separate work rates can be plotted on a regression line, as the heart 
rate-VO2 relationship and extrapolated to the estimated HRmax, enabling the prediction 
of VO2max (Sykes & Roberts, 2004). The error associated with the prediction of VO2max 
using this method is typically accepted as ±1.96 standard error of the estimate (Sartor 
et al., 2013). Although caution is warranted when interpreting VO2max from 
submaximal prediction tests, they are commonly utilised in both clinical and research 
settings when a maximal exercise test is not feasibly possible (due to lack of space, 
equipment or expertise) or not advisable (elderly or cardiac patients) (Sartor et al., 
2013). Such tests include (but are not limited to) the Astrand submaximal cycle 
ergometer protocol (Astrand, 1960), the YMCA submaximal cycle ergometer protocol 
(Golding et al., 1989) and the Ebbeling single-stage submaximal treadmill walking 
test (Ebbeling et al., 1991). Although these tests appear to provide an appropriate 
estimate of VO2max in comparison to directly measured VO2max, given that these tests 
require access to specialist exercise equipment they are unlikely to be feasible in 
field-based research settings. Because the focus of this thesis is on the 
implementation of exercise testing and an exercise intervention in the workplace, it is 
pertinent to consider alternative tests requiring limited equipment and space to 
estimate VO2max.  
 
Step tests are a mode of CRF assessment that may represent a feasible alternative 
to CPET (Bennett et al., 2016). These tests typically require the participant to 
repeatedly step on to and off a portable step at a set cadence for a required time 
period, with heart rate monitored throughout the test (Bennett et al., 2016). There are 
a range of step tests available including (but not limited to) the Queens College Step 
Test (McArdle et al., 1972) and the YMCA modified 3 minute step test (Santo & 
Golding, 2003); however, the Chester Step Test (Sykes, 1998) has been 
recommended above other available step tests for use in field-based research 




The Chester step test is a multistage test which involves stepping on to and off a 15, 
20, 25 or 30-cm step. Step height is dependent on age and habitual physical activity 
level and cadence is set by a metronome beat. The initial step rate is 15 steps per 
minute and every 2 minutes the cadence increases by 5 steps per minute, for a 
maximum of 10 minutes. Participants continue stepping until 80% of age predicted 
HRmax is reached, they report ratings of perceived exertion of ≥15 (hard) on the Borg 
7-20 scale (Borg, 1982), or they complete all five stages of the test (Sykes, 1998; 
Sykes & Roberts, 2004).  
 
The validity of the Chester Step Test for the prediction of VO2max was first assessed 
in 7 male and 6 female (22.4 ±4.6 years) physically active university students (Buckley 
et al., 2004). Directly measured VO2max was established with a CPET, and the Chester 
step test was undertaken twice, within 5-7 days. In both trials, the Chester step test 
underestimated true VO2max. The bias ±95% limits of agreement between the Chester 
step test predicted VO2max and the actual VO2max for trials one and two, were -2.8 ±6.1 
mL·kg−1·min−1 and -1.9 ±7.4 mL·kg−1·min−1, respectively. In terms of reliability of the 
test, the bias ±95% limits of agreement of the Chester step test predicted VO2max 
between each trial was 0.8 ±3.7 mL·kg−1·min−1. 
 
In a subsequent study, Sykes and Roberts (2004) compared Chester Step Test 
predicted VO2max from two separate time points in 68 participants (age: 31 ±10 years, 
of both sexes and varying fitness and activity levels) with CPET assessed VO2max. 
Although the standard error of the estimate between the true and Chester step test 
predicted VO2max was 3.9 mL·kg-1·min-1, the high correlation between true and 
predicted VO2max (r=0.92) led the authors to conclude that the Chester step test is a 
valid predictor of VO2max (Sykes & Roberts, 2004). In terms of reliability of the test in 
the sample, there was a mean difference between the two Chester Step tests of -0.7 
mL·kg-1·min-1 (Sykes and Roberts, 2004). The limits of agreement analysis 
demonstrated a measurement repeated on a separate day was within 4.5 mL·kg-
1·min-1 of the original predicted measurement (Sykes and Roberts, 2004). Other 
typically presented reliability statistics such as intra-class correlations were not 
reported in either of the studies examining the reliability of the Chester test (Buckley 
et al., 2004; Sykes & Roberts, 2004) and so they cannot be presented here. 
Nonetheless, the Chester step test has been recommended for use in intervention 
studies above other similar step tests (Bennet et al., 2016).     
In reporting the above statistics for quantifying agreement between measurement 
methods and test-retest time points, it is important to acknowledge the different 
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analytical goals when making decisions about acceptable measurement (within-
subjects) variability; these being either in the context of individual patient/person 
decisions (e.g. for the purpose of diagnosis or screening) or in the context of research 
on samples of participants (Atkinson and Nevill, 1996). The primary context of the 
present thesis is research. Specifically, the important question is whether test-retest 
variability of the employed measurement tool/protocol is small enough to detect a 
minimal clinically important difference (MCID) in a future study with a feasible sample 
size (Atkinson and Nevill, 1996). In this context, there is a link to sample size 
estimation (Batterham and Atkinson, 2005). Accordingly, limits of agreement statistics 
are relevant to the context of measurement error for individual participants (Atkinson 
& Nevill, 1996). Specifically, the 95% limits of agreement indicate the upper limits for 
test-retest variability expected, with coverage of 95% of cases in a sample, for a single 
participant. For example, if the 95% limits of agreement for test-retest measurements 
of VO2max are ±4.5 mL·kg-1·min-1, this indicates that the agreement between repeated 
measurements of VO2max on a person drawn from the population would be unlikely to 
be worse than ±4.5 mL·kg-1·min-1.  This information can then be used to predict the 
implications of this agreement on the robustness of diagnostic decisions on 
individuals. Therefore, although the limits of agreement cited above (±4.5 mL·kg-
1·min-1 Sykes & Roberts, 2004) for the Chester step test may appear to be particularly 
large, this statistic should not be applied directly to research purposes where the aim 
is to detect a clinically relevant mean change with a feasible sample size. 
Measurement error statistics can then be used to inform a sample size estimation for 
future research. For example, the above limits of agreement can be converted to the 
standard deviation of differences (a term in the denominator of a paired t-test) and 
inputted into a sample size estimation designed to detect a MCID of 1 mL·kg-1·min-1 
(Laukkanen et al., 2016) in a future trial. For this purpose the expected standard 
deviation (SD) of differences can be calculated from the limits of agreement: 
 
4.5 mL·kg-1·min-1 / 1.96= 2.3 mL·kg-1·min-1. 
 
Using a statistical power program such as GPOWER, it can be estimated from this 
test-retest SD that a future study would require 44 participants in a single arm pre-
post trial to achieve a power of 80% and a level of significance of 5% (two sided), for 
detecting a mean difference of 1 mL·kg-1·min-1; assuming the standard deviation of 
the differences to be 2.3 mL·kg-1·min-1. Collectively, this information could be used to 
justify the use of the Chester step test as a sufficiently reliable tool for the detection 
of a MCID of 1 mL·kg-1·min-1 with a sample size that would be feasible in an exercise 
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trial. It is, however, acknowledged that the validity of predictive CRF assessments, 
such as step tests, have been questioned (Grant et al., 1999). Specifically relevant to 
the present body of work, it is unclear whether the Chester step test is valid for 
detecting a change in CRF over time, despite the test appearing to be acceptably 
reliable on a test-retest basis.  
2.2.1.4 Cardiorespiratory fitness: effects of exercise training 
Exercise training can elicit both central and peripheral physiological adaptations that 
are associated with improved oxidative metabolism, which in turn lead to 
improvements in CRF (Egan & Zierath, 2013). An increase in cardiac output is the 
key central adaptation associated with training induced improvements in CRF, which 
is mediated by increased stroke volume as a result of increased left ventricular end-
diastolic volume, blood volume and cardiac contractility (McArdle, Katch & Katch, 
2015). The peripheral muscle fibre adaptations associated with exercise training are 
related to increased oxygen extraction and utilisation, which are mediated by 
increases in skeletal muscle mitochondrial content and function (Hawley et al., 2014). 
Improvements in CRF can be detected with four weeks of training (Saltin et al., 1977). 
 
An established body of randomised controlled trial (RCT) evidence demonstrates that 
exercise training can improve CRF (Swift et al., 2013). In one of the earliest RCTs, 
Kraus et al., (2002) randomised 84 sedentary overweight participants (35 female, 
52.3 ±7.8 years) into one of three aerobic exercise training prescriptions or a no-
exercise control group for eight months. The high-amount/high-intensity prescription 
involved the caloric equivalent of jogging 32 km per week at 65-80% of VO2max, the 
low-amount/high-intensity prescription involved the caloric equivalent of jogging 19 
km per week at 65 to 80% VO2max; and the low-amount/moderate-intensity 
prescription involved the caloric equivalent of walking approximately 19 km per week 
at 40 to 55% VO2max. Post-intervention compared with the control group, only the high-
amount–high-intensity and low-amount–high-intensity groups significantly (p=0.01) 
improved VO2max (18% or 0.41 ±0.2 L.min-1 and 17% or 0.43 ±0.14 L.min-1, 
respectively). This finding suggests that the intensity of exercise is paramount for 
eliciting adaptations in CRF. A recent meta-analysis demonstrated the proliferation of 
research investigating the effect of exercise training on CRF (Lin et al., 2015). Here, 
the effects of 122 RCTs (n=4792) comparing structured aerobic exercise training of 
at least moderate intensity (defined as ≥75% HRmax including a wide range of 
modalities such as walking, running, small sided games, deep water running, cycle 
ergometer and broadly defined “aerobic or endurance exercise”), to control. The 
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meta-analysed effect on VO2max was 3.9 mL·kg-1·min-1 (95% CI 3.45 to 4.35 mL·kg-
1·min-1) (Lin et al., 2015), compared with control. However, it was unclear from the 
study reporting if control groups in the individual studies were inactive comparators, 
which could impact on the magnitude of the intervention effect.    
 
As first indicated by Kraus et al., (2002), it is now recognised that when compared on 
a matched work basis (e.g., energy expenditure is matched), vigorous intensity 
exercise (≥77% HRmax or ≥64% VO2max) can elicit greater improvements in CRF when 
compared with moderate intensity continuous training (MICT) (64-76% HRmax or 46-
63% VO2max) (Garber et al., 2011). This assertion is reflected in public health physical 
activity guidelines where although 150 minutes of moderate intensity physical activity 
are recommended, only 75 minutes of vigorous intensity physical activity is 
suggested, or combination thereof per week (2018 Physical Activity Guidelines 
Advisory Committee, 2018; Department of Health, 2011; World Health Organization, 
2010).  
 
2.2.2 Muscular fitness 
2.2.2.1 Muscular fitness: definition  
Muscular fitness is a term that encompasses muscular strength and power (Garber 
et al., 2011). Muscular strength refers to the muscles ability to generate force (Hass 
et al., 2001), whereas muscular power, although related to strength, is a separate 
attribute defined as the ability of the neuromuscular system to produce the greatest 
amount of force as fast as possible (Reid & Fielding, 2012; Tiainen et al., 2009). 
 
2.2.2.2 Muscular fitness: link to health 
Poor muscular strength, as opposed to total muscle mass, is a strong and 
independent predictor of all-cause mortality (Newman et al., 2006). A recent meta-
analysis of 36 prospective observational studies (n=1,907,580, aged 19 to 84.5 years, 
from 22 high and low income countries) demonstrated that higher muscular strength 
(quantified via grip strength assessments) is associated with a reduced risk of all-
cause mortality (hazard ratio=0.69; 95% CI 0.64 to 0.74) (García-Hermoso et al., 
2018). However, the usefulness of the findings are limited because the study authors 
did not provide the exact quantification for “high” and “low” grip strength.  
 
Higher muscular power is associated with the performance of basic daily activities, 
which depend on the ability to produce force at high velocity, such as chair rising and 
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stair climbing (Bassey et al., 1992; Katula et al., 2008). Given the age-associated 
declines in muscular power that occur from middle-age onwards (Izquierdo et al., 
1999); to maintain functional capacity with aging, it is vital to improve or maintain 
muscular power before the onset of old age (Straight et al., 2016) . 
 
2.2.2.3 Muscular fitness: measurement  
The gold standard muscular strength assessment is the highest amount of weight that 
an individual can lift once using correct technique (one repetition maximal strength 
[1RM)] (Fernandez, 2001; Hass et al., 2001). However, the utility of this form of testing 
with untrained populations and outside of the laboratory is questionable given the risk 
of injury and muscle soreness (Barnard et al., 1999). Maximal hand grip strength is 
an alternative and simple method for assessing general upper body muscle strength 
and function, measured using hydraulic hand dynamometers (Bohannon, 2008; 
Roberts et al., 2011). The most commonly used dynamometers are the Jamar and 
Baseline Evaluation Instruments dynamometers. The Jamar dynamometer has been 
shown have good (r = 0.80) test–retest reliability (Mathiowetz et al., 1984) and the 
Baseline Evaluation Instruments dynamometer has excellent test-retest reliability 
(intra class correlation= 0.99) and relative reliability when compared with Jamar 
dynamometer (intra class correlation= 0.90) (Mathiowetz et al., 2000). It is however 
essential that the adjustable hand piece is correctly sized to the participants hand 
(Mathiowetz et al., 2000), which requires researcher judgment and may compromise 
the inter-rater reliability of the instrument. However, reference protocols are available 
to ensure standardised testing procedures across participants (Perna et al., 2016). 
Given that grip strength permits a simple non-invasive quantification of upper body 
strength that requires limited space, time and participant exercise experience it has 
been included in a range of population based cohort studies (Perna et al., 2016; 
Shields et al., 2010).  
 
Based on the definition of muscular power provided above, it should be distinguished 
from short-term power output (often called anaerobic capacity/ power) measured over 
longer periods such as 15-60secs in an ‘all-out’ effort on a cycle ergometer (Patton & 
Duggan, 1987; Sculthorpe et al., 2017). Lower body power can also be assessed by 
vertical two legged jumping onto a force plate (Harman et al., 1991); however, this 
assessment has been critiqued as it requires expensive equipment and may not be 
suitable in inactive or middle aged to older adults due to risk of injury and falls (Bassey 




The Nottingham leg extensor power rig (henceforth referred to as “leg rig”) (Medical 
Engineering Unit, University of Nottingham, Nottingham, UK) is an alternative lower 
body muscular power assessment tool (Bassey & Short, 1990). Leg rig assessed 
lower limb muscular power has been shown to significantly correlate with both peak 
isokinetic dynamometer assessed power (Spearman’s rho (ρ) 0.82, p=0.001) and 
single leg force plate jump (ρ=0.86, p=0.001) (Bassey & Short, 1990). This suggests 
that similar muscular capabilities are being assessed, indicating the validity of the leg 
rig for estimates of lower limb power (Bassey & Short, 1990). The short (3 days) and 
long (12 week) term reliability of the leg rig has been investigated in 72 healthy middle-
aged and older adults (mean age: 63 ±9 years) (Hurst et al., 2018a). As the intraclass 
correlation coefficients were high following repeated tests for both short (0.88–0.96) 
and long-term reliability (0.94-0.96), the leg rig is established as a reliable tool for the 
assessment of lower limb muscular power (Hurst et al., 2018a).  
 
2.2.2.4 Muscular fitness: effects of exercise training 
Although aerobic exercise training is recommended for the development of CRF, 
resistance training is recommended to elicit adaptations in muscular fitness (Garber 
et al., 2011). Improvements in muscular strength and power are thought to be 
mediated by neural adaptations during the first few weeks of a training programme 
(Häkkinen et al., 1998a) which, in turn, are responsible for enhanced maximal motor 
unit firing rate (Kamen & Night, 2004), increased activation of agonist muscles and 
reduced co-activation of antagonist muscles (Häkkinen et al., 1998b). In addition to 
neural adaptations, morphological adaptations during strength and power training 
include an increase in muscle cross-sectional area and increases in both type I and 
type II muscle fibres (Folland & Williams, 2007).  In a meta-analysis, Rhea et al., 
(2003) reported that resistance training (exercises that cause muscles to work 
against, move or overcome an applied force or weight (Garber et al., 2011)) can 
improve muscular strength such that in untrained individuals maximal strength gains 
were achieved at a training intensity of 60% of 1RM (effect size: 2.8), 3 days per 
week (effect size: 1.94), and with a mean training volume of 4 sets per muscle 
group (effect size: 2.28) (Rhea et al., 2003). However, as the focus of this thesis is 
not on the application of resistance training per se, it should be noted that any 
exercise training has the potential to challenge (and therefore elicit adaptations in) 
muscular fitness, albeit at different respective levels relative to the training content 
(Buchheit & Laursen, 2013b). Plyometric exercises involving rapid deceleration of 
the body followed immediately by rapid acceleration in the opposite direction (such 
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as squat jumps) have been recommended as an alternative or adjunct to resistance 
training for the promotion of muscular power (Fatouros et al., 2000).  There is 
evidence to suggest that plyometric exercise training can improve markers of 
muscular power in athletic (Chelly et al., 2010; Váczi et al., 2013), and older adult 
populations (Vetrovsky et al., 2019). This suggests that body weight exercise could 
improve muscular power without the need for the specialist equipment or loaded 
machines typically required for resistance training.  
 
2.2.3 Hypertension 
2.2.3.1 Hypertension: definition 
Blood pressure is dependent on output from the heart, blood vessel flexibility and 
resistance to blood flow, volume of blood and blood distribution to organs (Williams 
et al., 2018). Healthy blood pressure is defined as resting systolic blood pressure 
(SBP) of 120 mmHg and resting diastolic blood pressure (DBP) of 80 mmHg and 
hypertension is defined as resting SBP of ≥140 mmHg and DBP of ≥90 mmHg 
(Kannel et al., 1961; Mills et al., 2016). 
 
2.2.3.2 Hypertension: link to health  
Hypertension is the leading all-cause mortality risk factor, accounting for 10.4 million 
deaths globally, ahead of smoking, high blood glucose and high body mass index 
(Stanaway et al., 2018), and accounts for 54% of all strokes and 47% of all ischaemic 
heart disease events globally (Lawes et al., 2001). In 2010, the global prevalence of 
hypertension was 31.1% in adults aged ≥20 years, which is an increase of 5.2% since 
2000 (Mills et al., 2016), with the prevalence in England estimated at 31% in men and 
26% in women (Public Health England, 2016). In adults aged 50-59, it has been 
estimated that each 20mmHg lower usual SBP reduces stroke death rate by 62% 
(Lewington et al., 2002).  
 
2.2.3.3 Hypertension: measurement  
The mercury sphygmomanometer is the gold standard clinical blood pressure 
measurement technique (Coleman et al., 2005). However, the precision of this 
method can be compromised by various human errors including incorrect eye 
positioning when reading the scale and applying excessive stethoscope pressure on 
the brachial artery (Perloff et al., 1993). Automatic monitors are frequently used to 
assess blood pressure and should be validated based on their agreement with 
measurements taken using a mercury sphygmomanometer in accordance with the 
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European Society of Hypertension International protocol (O'Brien et al., 2010; 
Takahashi et al., 2010). The validation protocol requires that automated machines 
give at least 50% of readings within 5 mmHg and 75% within 10 mmHg with the two 
methods (O'Brien et al., 2010).  
 
2.2.3.4 Hypertension: effects of exercise training 
Exercise training has both acute and chronic effects on blood pressure. In both 
normotensive and hypotensive individuals, following an acute bout of exercise, blood 
pressure temporarily falls below pre-exercise levels due to exercise induced 
peripheral vasodilation, a phenomenon known as post-exercise hypotension 
(Pescatello et al., 2015). Following chronic training, a sustained decrease in blood 
pressure is thought to be mediated by improved endothelial function (Sabbahi et al., 
2016). Peripheral vascular resistance is a key determinant of blood pressure and 
increased endothelial function is associated with, and may contribute to, lower 
peripheral vascular resistance (Sabbahi et al., 2016). Reductions in blood pressure 
have been observed in hypertensive individuals within eight to twelve weeks of 
exercise training (Dimeo et al., 2012). 
 
Notable public health agencies, including the World Health Organization (World 
Health Organization, 2003), the European Society of Hypertension and Cardiology 
(Mancia et al., 2014), and the American College of Sports Medicine (Pescatello et al., 
2015) advocate exercise training or increased physical activity as a first line 
intervention for the prevention and treatment of hypertension. Cornelissen & Smart 
(2013) meta-analysed the effects of 105 aerobic (35% to 95% of VO2max), 34 
resistance (10% to 100% of 1-RM) and 14 combined exercise training interventions 
from a total 5223 participants on resting blood pressure. Post-intervention, compared 
with control, exercise training reduced SBP by -3.5 mmHg (95% CI -4.6 to -2.3 mmHg) 
and DBP by -2.5 mmHg (95% CI -3.2 to -1.7 mmHg) (Cornelissen & Smart, 2013). 
Furthermore the reduction in blood pressure was greater in hypertensive individuals 
(SBP -8.3 mmHg [95% CI -10.7 to -6.0], DBP -5.2 mmHg [95% CI -6.8 to -3.4]) 
(Cornelissen and Smart, 2013). Similar reductions in blood pressure were observed 
in an earlier meta-analysis of 54 RCTs where aerobic exercise training (intensity not 
defined) elicited reductions of -3.8 mmHg (95% CI -5.0 to -2.8) and -2.6 mmHg (95% 





2.2.4 Dyslipidaemia  
2.2.4.1 Dyslipidaemia: definition 
Dyslipidaemia is characterised by a clustering of abnormalities in blood lipids 
including elevated cholesterol and triglyceride and reduced high-density lipoprotein 
cholesterol (HDL-C) (Miller, 2009). Historically, clinical guidelines recommended the 
use of fasted lipid samples (≥8 hours) (National Cholesterol Education Programme, 
2001) in order to reduce variability and achieve consistency in the metabolic states of 
participants (Warnick & Nakajima, 2008). However contemporary guidelines now 
recommend non-fasted samples (National Institute for Health and Care Excellence, 
2014; Nordestgaard et al., 2016). When compared with fasting lipid profiles, mean 
changes 1 to 6 hours after habitual meals are small and not clinically significant 
(cholesterol -0.2 mmol.L-1; triglycerides +0.3 mmol.L-1) and fasting does not have an 
impact on HDL-C concentrations (Nordestgaard et al., 2016). It has also been 
suggested that abnormal postprandial triglyceride levels may better predict CVD risk 
than fasted levels (Harchaoui et al., 2009; Nordestgaard & Varbo, 2014). Non-fasted 
samples may be more feasible in field-based research by reducing participant burden 
and the inconveniences associated with fasting while also permitting data collection 
throughout the day, rather than just following an overnight fast. Threshold values for 
normal non-fasted lipids are ≤5 mmol.L-1 for cholesterol, ≥1 mmol.L-1 for HDL-C and 
≤2 mmol.L-1 for triglyceride (Nordestgaard et al., 2016). 
 
2.2.4.2 Dyslipidaemia: link to health  
Although non-fasted lipid values are recommended in contemporary guidelines, the 
vast majority of work examining the link between dyslipidaemia and CVD or all-cause 
mortality risk use fasted lipid values. For example, in a seminal study, data from the 
Framingham Heart study demonstrated that fasted cholesterol of ≥6.3 mmol.L-1 was 
associated with three times the incidence of CHD when compared with fasted 
cholesterol of ≤5.4 mmol.L-1 (Kannel et al., 1961). Subsequent observational studies 
have supported the positive association between elevated cholesterol (Chen et al., 
1991; Lewington et al., 2007; Stamler et al., 1993) and triglyceride levels 
(Nordestgaard & Varbo, 2014) and CVD/ CHD mortality. Conversely, HDL-C has 
been shown to have a protective effect on CVD/CHD mortality such that higher HDL-
C levels are associated with lower CVD/ CHD mortality risk (Cooney et al., 2009).  
 
Twenty percent of European adults are estimated to have either triglyceride or HDL-
C levels characteristic of dyslipidaemia (Halcox et al., 2017) and 63% of the UK 
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population is estimated to have elevated cholesterol (≥5 mmol.L-1) (Wilkins et al., 
2017). Although there is data to suggest that population cholesterol levels have 
reduced in the UK since 1985 (median decrease of 22%) this is thought to be largely 
due to the widespread use of cholesterol lowering medication (Hulmán et al., 2014).   
2.2.4.3 Dyslipidaemia: measurement 
The gold standard blood lipid assessment technique is laboratory-based analysis 
using assay techniques with a venous blood sample (Jain et al., 2011). However, the 
collection, storage and transportation of blood for analysis in a laboratory may not be 
practically or ethically possible in field-based research, therefore an alternative is 
point-of-care testing.  Point-of-care finger prick blood sampling using the Cholestech 
LDX analyser (Cholestech Corporation, Hayward, CA, USA) is currently used for the 
National Health Service Health Checks (Jain et al., 2011) and involves the collection 
of a small sample of blood from the finger which is analysed in minutes using a 
portable point-of-care testing analysis unit. Carey et al., (2006) reported correlations 
between the LDX analyser and traditional laboratory analysis of 0.92 and 0.93 for 
triglycerides and HDL-C, respectively. Parikh et al., (2009) reported similar 
correlations when compared with laboratory analysis of 0.91 for cholesterol, 0.77 for 
HDL-C and 0.93 for triglycerides. However in one study of hyperlipidaemic individuals 
aged over 70 years, the LDX analyser over estimated triglycerides by 1.6mmol.L-1 
and HDL-C by 0.08mmol.L-1 (Stein et al., 2002). 
 
2.2.4.4 Dyslipidaemia: effects of exercise training 
Exercise training has been recommended as either an adjunct to medication or a 
stand-alone therapy for the prevention and treatment of dyslipidaemia (Wang & Xu, 
2017). While it has been suggested that exercise induced weight-loss mediates 
improvements in lipid profiles (Stefanick, 1999), some studies have reported 
improvements in lipid profiles in the absence of weight loss (Durstine et al., 2001; 
Carroll & Dudfield 2004; Kraus et al., 2002). It has therefore been suggested that 
increases in skeletal muscle mass, reductions in intra‐abdominal fat or improvements 
in cardiorespiratory fitness mediate the exercise induced improvements in lipid 
profiles (Ross et al., 2004). Furthermore, as exercise increases the ability of skeletal 
muscles to utilise lipids as opposed to glycogen, this may also reduce plasma lipid 
levels (Earnest et al., 2013). 
In a meta-analysis of RCTs, comparing aerobic exercise training of at least moderate 
intensity (≥75% HRmax including walking/running, small sided games and cycle 
ergometers) to control, exercise training resulted in decreases in cholesterol (-0.03 
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mmol.L-1; 95%CI; -0.24 to 0.31, 68 studies) and triglycerides (-0.06 mmol.L-1; 95% CI 
-0.12 to -0.01, 66 studies) and an increase in HDL-C (0.06 mmol.L-1; 95% CI 0.03 to 
0.10, 74 studies) (Lin et al., 2015). However, the wide confidence interval around the 
estimation of cholesterol indicates low precision in the estimate; therefore the finding 
should be interpreted with caution. Adaptations in lipid profiles have been detected 
with 6 to 24 weeks of exercise training (Mann et al., 2014). 
2.2.5 Hyperglycaemia  
2.2.5.1 Hyperglycaemia: definition 
Hyperglycaemia is a state of elevated blood glucose and diabetes mellitus is defined 
as a chronic state of hyperglycaemia (Laakso & Kuusisto, 2014). There are two 
subtypes of diabetes mellitus; type 1 diabetes mellitus (T1DM) and T2DM. Type 1 
diabetes mellitus results from the autoimmune destruction of the β cells in the 
pancreas, whereas the development of T2DM can be attributable to lifestyle related 
factors such as insufficient physical activity and poor nutrition (International Diabetes 
Federation, 2017).  
 
Glycated haemoglobin (HbA1c) is the result of the addition of glucose to amino groups 
of haemoglobin (Little & Sacks, 2009) and is the most widely accepted marker of 
glycaemic control in clinical practice (Bergenstal et al., 2013). The concentration of 
HbA1c depends on the concentration of glucose in the blood and the lifespan of the 
red blood cell to which the haemoglobin is bound (Little & Sacks, 2009). Red blood 
cells have a lifespan of approximately 120 days; therefore HbA1c represents the 
integrated blood glucose concentration over the preceding 8 to 12 weeks (Goldstein 
et al., 2004; Weykamp et al., 2008). The diagnostic criteria for diabetes mellitus is a 
HbA1c of ≥6.5% (48 mmol.mol-1), fasting blood glucose level of ≥7.0mmol.L-1 or a 
random blood glucose level of ≥11.1 mmol.L-1 (World Health Organization, 2006). 
 
2.2.5.2 Hyperglycaemia: link to health 
The high prevalence of CHD in individuals with T2DM has been recognised for more 
than a century (Joslin, 1924) and compared with healthy individuals; individuals with 
T2DM have a three to fourfold increased risk of CVD mortality (Laakso, 1999; Lupsa 
& Inzucchi, 2018). Non-diabetic hyperglycaemia has also been associated with 
subsequent development of CVD (Sarwar et al., 2010). Collectively this evidence 
suggests that hyperglycaemia is a key risk factor for the development of CVD and 
CVD mortality (Pistrosch et al., 2011). The prevalence of T2DM is estimated to be 
10% in men and 9% in women which is an increase from 8% in both sexes since 1980 
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(Danaei et al., 2011). Furthermore, since 1980 the global age-standardised mean 
fasting blood glucose has increased by 0.07 mmol.L-1 in men and 0.09 mmol.L-1 in 
women per decade (Danaei et al., 2011).  
 
2.2.5.3 Hyperglycaemia: measurement 
The measurement of HbA1c involves the collection of whole venous blood, which is 
analysed using laboratory-based assay techniques (Little & Sacks, 2009). The 
measurement of HbA1c may not be pragmatically or ethically possible in field-based 
studies owing to the need for storage and transportation of whole blood samples. As 
both fasting blood glucose and HbA1c are equally effective screening tools for the 
detection of T2DM, fasting blood glucose has been suggested as an alternative 
marker of glycaemic control (Bennett et al., 2007).  
 
Although fasting blood glucose can be assessed in a similar manner to HbA1c (Sacks 
et al., 2011), point-of-care testing procedures are a feasible alternative in field-based 
settings involving the collection of a sample of venous blood from the finger which is 
analysed in minutes using a portable point-of-care testing analysis unit (Jain et al., 
2011).  The Cholestech LDX analyser, used for the assessment of blood lipids 
described in section 2.2.4.3, can also be used to assess blood glucose.  Shemesh et 
al., (2006) reported correlations between the LDX analyser and traditional laboratory 
analysis of (Cohens κ) 0.84 to 0.95 for blood glucose concentrations. 
 
2.2.5.3 Hyperglycaemia: effects of exercise training 
Exercise has both acute and chronic effects on glycaemic control. Glucose disposal 
is enhanced following an acute bout of exercise which may be due to increased 
translocation of the glucose transporter GLUT‐4 into the sarcolemma and the T‐
tubules of the muscle (Kennedy et al., 1999). Similarly, increased expression of 
GLUT‐4 protein in skeletal muscle (Houmard et al., 1993) and increased skeletal 
muscle mitochondrial content and function (Toledo et al., 2006) represent possible 
mechanisms underlying the effect of chronic exercise training on glycaemic control. 
Typically, chronic exercise induced adaptations in glycaemic control can be observed 
following 8-12 weeks of exercise training (Boulé et al., 2001).  
 
The American Diabetes Association (Colberg et al., 2016) and the American College 
of Sports Medicine (Colberg et al., 2010) support the use of exercise training or 
increased physical activity for the management of glycaemic control. A meta-analysis 
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of 26 RCTs demonstrated that supervised exercise training improved HbA1C in 
diabetic participants, resulting in reductions of −0.70% (95% CI: −1.02 to −0.38%), 
−0.62% (95% CI: −1.14 to −0.11%) and −0.47% (95% CI: −0.64 to −0.31%) for 
aerobic, resistance and combined exercise training, respectively (Umpierre et al., 
2013). In non-diabetic participants a meta-analysis demonstrated that when 
compared with controls, exercise training resulted in a reduction in both HbA1c (-
0.28%: 95% CI: -0.42 to -0.14%, 19 studies) and fasting blood glucose (-0.07mmol.L-
1, 95%CI: -0.13 to 0.004, 49 studies) (Lin et al., 2015). Although purely speculative, 
the higher number of exercise trials reporting blood glucose (n=49) compared with 
HbA1c (n=19) may indicate that blood glucose is the preferred measure of glycaemic 
control in exercise trials with non-diabetic populations.  
 
2.2.6 Abdominal adiposity 
2.2.6.1 Abdominal adiposity: definition 
Body mass index (BMI) is an index of an individual’s body mass, relative to their height 
and is defined as the body mass in kilograms divided by the square of the height in 
metres (kg/m2). Body mass index can be used to classify underweight (<18.5 kg/m2), 
normal weight (18.5-24.9 kg/m2), overweight (≥25.0 kg/m2) and obesity (≥30.0 kg/m2) 
in adults (World Health Organization, 2000). However it has been claimed that BMI is 
not an adequate metric for assessing overweight and obesity, and waist 
circumference has been suggested as an alternative assessment of abdominal 
adiposity (Bouchard, 2007). It is recommended that waist circumference does not 
exceed ≥102cm for men and ≥88cm for women, to minimise CVD risk (Janssen et al., 
2002). 
 
2.2.6.2 Abdominal adiposity: link to health  
Overweight and obesity are associated with increased risks of mortality (Lewington 
et al., 2009), CVD (Van Gaal et al., 2006), diabetes and cancer (Gallagher & LeRoith, 
2015) and reduced quality of life (Kolotkin & Andersen, 2017). Currently in England, 
40% of adults are overweight and 31% are obese (NHS Digital, 2019). Although the 
proportion of the adult population who are overweight in England has remained stable 
since 2010 (NHS Digital, 2017) if current obesity trends continue, it is predicted that 
60% of men and 50% of women will be obese by 2050 (Butland et al., 2007). In 
addition to general adiposity, an accumulation of adipose tissue specifically in the 
abdominal region (abdominal adiposity) has been associated with increased CVD 
(Britton et al., 2013) and all-cause mortality risk (Janssen et al., 2004; Pischon et al., 
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2008). Among both men and women, each 1 cm increase in waist circumference has 
been associated with a 1.07 increase in the odds of the presence of at least two other 
CVD risk factors including hypertension and dyslipidaemia (Shields et al., 2012).  
Data from the Whitehall Longitudinal Study (n=10,308) suggests that in the UK, waist 
circumference increased by 8cm between 1985 and 2009 in both men and women 
(Hulmán et al., 2014).  
 
2.2.6.3 Abdominal adiposity: measurement 
The gold standard tool for the estimation of abdominal fat mass is magnetic 
resonance imaging (MRI) (Klein et al., 2007). However, given the high associated 
cost and impracticality of this measurement technique in field-based research, waist 
circumference is often used as an alternative indicator of abdominal fat mass (Klein 
et al., 2007). Waist circumference has been shown to correlate highly with MRI 
assessed total (r=0.94) and abdominal fat mass (r=0.94) in adults (Pouliot et al., 
1994). Numerous protocols exist for the measurement of waist circumference which 
can lead to discrepant results and interpretations (Pettitt et al., 2012). The 
International Society for the Advancement of Kinanthropometry (ISAK) provides 
guidelines for the assessment of a range of anthropometric variables, including waist 
circumference (Marfell-Jones et al., 2012). Here it is recommended that waist 
circumference is measured at the narrowest point between the lower costal border 
(10th rib) and the top of the iliac crest, perpendicular to the long axis of the trunk using 
a non-elastic Gulick tape measure with a tension device. In a review of cross-sectional 
studies (n=9) intra-observer measurement errors in waist circumference 
measurements were reported between 0.7 to 9.2cm and inter-observer measurement 
errors were from 1.4 to 15cm (Verweij et al., 2013). Although these measurement 
errors are large, they may have been due to differences in measurement protocols 
used (Verweij et al., 2013). Five studies used measurements from midway between 
the lower rib and the iliac crest, one study at the narrowest point between the rib cage 
and the iliac crest, one study used the uppermost limit of the ileum, one study 
compared measurements taken at all three sites and one study did not specify how 
measurements were taken. Although one study reported a 12cm inter-observer 
measurement error when researchers untrained in anthropometric assessments 
measured waist circumference (Sebo et al., 2008), the training status of the 
researchers in the remaining studies were not disclosed. To reduce the measurement 
error associated with this assessment, ISAK recommend using the same trained 
researcher for all assessments and repeating the measurements twice at each data 




2.2.6.4 Abdominal adiposity: effects of exercise training 
The role of physical activity and exercise training in the prevention and treatment of 
overweight and obesity is long established (Garrow, 1986). Exercise training results 
in increased caloric expenditure, resulting in a negative energy balance, if the 
expended energy is not compensated for with an increase in caloric intake, and the 
metabolism of endogenous energy stores (Williams et al. 2013).  
 
In light of the association between abdominal adiposity and CVD risk (Janssen et al., 
2004) increasing research efforts have explored the effect of exercise specifically on 
markers of abdominal adiposity (Vissers et al., 2013). During exercise it has been 
posited that lipid mobilisation is greatest in the abdominal region (Arner et al., 1990) 
which may explain why reductions in abdominal adiposity have been noted in 
response to exercise training (Vissers et al., 2013). Reductions in MRI estimated 
abdominal adiposity, have been observed following eight weeks of exercise training 
(Keating et al., 2015). Furthermore, in a meta-analysis, both aerobic and resistance 
training reduced MRI estimated abdominal adiposity in overweight participants 
(Hedge's g = −0.5 95% CI: −0.7 to −0.3, 12 studies) (Vissers et al., 2013), however it 
is unlikely that MRI would be available in field-based research settings. However there 
is RCT evidence to suggest that six months of aerobic exercise equivalent to 4,8 and 
12 kcal.kg.week-1 can elicit reductions in waist circumference in the absence of weight 
loss (mean ±SD; -3 ±2cm, -2.5 ±2.5cm and -3 ±2.5cm in 4, 8 and 12 kcal.kg.week-1 
groups respectively) (Church et al., 2009).   
 
2.2.7 Mental health   
2.2.7.1 Mental health: definition 
Mental health encompasses the dimensions of positive and negative mental health. 
Positive mental health is a combination of positive subjective wellbeing and positive 
functioning (Huppert et al., 2005); allowing an individual to manage life, maximise 
their potential and contribute to society (Keyes, 2005). Negative mental health is an 
umbrella term for a range of mental health disorders, for example depression, which 





2.2.7.2 Mental health: link to health 
It is estimated that one in four adults will experience mental ill health within their 
lifetime (World Health Organization, 2001). Although there are a range of potential 
antecedents of mental ill health, including family history and history of trauma (World 
Health Organization, 2001), psychological stress is one potentially modifiable 
antecedent (Cohen et al., 2016). Psychological stress occurs when an individual 
perceives that environmental demands tax or exceed their adaptive capacity (Cohen 
et al., 1995). 
 
Exposure to chronic stress has been linked with the development of depression (Knoll 
& Carlezon, 2009) and CVD (Krantz & McCeney, 2002; McEwen, 1998). The link 
between chronic stress and disease progression has two hypothesised causal 
pathways. Firstly, behavioural changes such as increased smoking or substance 
abuse and decreased physical activity and sleep may occur as a result of an individual 
responding to stressors, which can influence disease progression (Cohen et al., 
2007). Secondly, endocrine responses to stress include increased circulating cortisol 
and catecholamine levels, which affect both autonomic nervous system function and 
some metabolic pathways (Dimsdale, 2008). Disruption of these pathways can lead 
to the chronic inflammation which is associated with CVD (McEwen, 1998).   
 
2.2.7.3 Mental health: measurement 
A plethora of standardised outcome measures are available for the assessment of 
mental health in clinical and research settings (Mental Health Partnerships, 2013). 
Outcome measures range from clinically focused disease severity assessments such 
as the Beck Depression Inventory (Beck et al., 1988) to the assessment of general 
wellbeing concepts such as life satisfaction (Diener et al., 1985). As such, the 
selection of pertinent mental health assessment variables and tools in exercise trials 
can be problematic. Although guidelines exist for use in clinical settings (British 
Psychological Society, 2017), such guidelines may not be pertinent in exercise trials 
with non-clinical populations and may not encompass all potentially relevant outcome 
variables. The selection of outcomes and assessment methods in exercise trials could 
therefore be guided by previous exercise trials or consideration of pertinent outcomes 





2.2.7.4 Mental health: effects of exercise training 
The European Psychiatric Association recommend increased physical activity or 
exercise training as an adjunct to usual care for individuals with mental health 
disorders (Stubbs et al., 2018). It is therefore unsurprising that the majority of exercise 
training studies examining the effect of exercise on mental health are limited to clinical 
populations (Barbour et al., 2007; Lawlor & Hopker, 2001). Nonetheless in adults 
without known mental health issues at baseline, there is epidemiological evidence 
demonstrating positive associations between habitual physical activity and positive 
mental health outcomes such as wellbeing (Mason & Kearns, 2013) and health-
related quality of life (HR-QoL) (Bize et al., 2007). Furthermore negative associations 
have been observed between physical activity and negative mental health outcomes 
such as risk of depression (Chekroud et al., 2018; Schuch et al., 2018). 
  
Although the mechanisms underlying the effect of exercise on mental health are likely 
multifactorial, encompassing various biopsychosocial elements (Salmon, 2011), it 
has been posited that exercise may provide a distraction from negative thoughts and 
emotions (Pedersen & Saltin, 2015). Additionally, there is evidence to suggest that 
various hormonal changes that occur during or after exercise, such as increases in 
beta-endorphins and monoamine concentrations, may have a positive effect on mood 
(Mynors-Wallis et al., 2000). In clinical psychiatric populations, where the majority of 
controlled exercise trials examining changes in mental health have been conducted, 
changes in symptom severity or mood have been observed following 9 weeks of 
exercise training (Salmon, 2011).  
 
2.3 Workplace physical activity and exercise training interventions 
The wide ranging physical and mental health benefits associated with exercise 
training described in this literature review highlight the need for exercise interventions 
aiming to improve these outcomes. The workplace provides access to a considerable 
proportion of the adult population in a relatively controlled environment. Therefore, 
notable public health agencies have identified the workplace as a priority setting for 
the delivery of health promotion interventions (National Institute for Health and Care 
Excellence, 2008; World Health Organization, 2007). A desire to enhance employee 
health and productivity and reduce healthcare or absenteeism costs may present a 




As lack of time, facilities or social support are commonly reported barriers to physical 
activity participation in adults (Justine et al., 2013; Reichert et al., 2007; Trost et al., 
2002), delivering physical activity or exercise training in the workplace could reduce 
barriers by providing convenient access to physical activity or exercise opportunities.  
The onsite provision of facilities to support physical activity, such as structured 
exercise programmes, is associated with a greater likelihood of employees achieving 
physical activity guidelines (Hipp et al., 2017; Knox et al., 2017), indicating that such 
interventions could be perceived as acceptable to organisations and employees alike. 
 
2.3.1 Physical fitness 
Although previous systematic reviews and meta-analyses have demonstrated that 
workplace physical activity or exercise training interventions can increase employee 
physical activity levels (Abraham & Graham-Rowe, 2009; Dishman et al., 1998; 
Dudgill et al., 2008; Proper et al., 2003; Reed et al., 2017; To et al., 2013), whether 
this translates into adaptations in markers of physical fitness is unclear.  
 
The last meta-analysis examining the impact of workplace physical activity and 
exercise training programmes on CRF reported an increase of 3.5 mL·kg-1·min-1 
(effect size= 0.57) in VO2max following broadly defined workplace physical activity 
programmes (n= 38,231 participants, number of studies reporting this outcome not 
stated) (Conn et al., 2009). Although encouraging, the meta-analysis included 
interventions where physical activity participation was promoted to employees with 
no further intervention applied, and interventions where exercise training was 
delivered to employees at their workplace. It is questionable whether such different 
intervention strategies should be grouped and meta-analysed together. The high 
between-study variability observed (I2=0.56) further supports this suggestion (Higgins 
& Green, 2008). Furthermore, the meta-analysis by Conn et al., (2009) is now over a 
decade old, and an updated quantification of the effect of workplace exercise 
interventions on CRF is required.  
 
In comparison to the effects on CRF, the effects of workplace-based exercise 
interventions on markers of muscular fitness are less well studied. In a recent meta-
analysis, compared with no-exercise control, workplace-based exercise training 
interventions resulted in small improvements in muscle power (effect size: 0.29 [95% 
CI: 0.05 to 0.53], 5 studies), however there was no statistically significant change in 
markers of muscular strength compared with control (effect size: -0.04 [95% CI: -0.46 
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to 0.38], 16 studies) (Prieske et al., 2019). However, the wide confidence interval 
around the estimate of the intervention effect on muscle strength could be a reflection 
of the five different strength assessments used across the included studies.  
 
2.3.2 Cardiometabolic health 
Reed et al., (2017) meta-analysed the effects of workplace physical activity and 
exercise training interventions on cardiometabolic health outcomes and reported 
decreases in body mass (−0.83 kg; 95% CI −1.64 to −0.02, 7 studies), BMI (−0.35 
kg/m2; 95% CI, −0.62 to −0.07, 6 studies) and blood glucose (−0.18 mmol.L-1; 95% 
CI, −0.29 to −0.07, 2 studies) compared with control. However, given the low number 
of studies reporting each outcome, the findings should be interpreted with caution and 
further studies are needed to confirm the findings. Additionally, although the findings 
appear to be statistically significant, it is unclear if they are likely to be clinically 
meaningful.  
 
2.3.3 Mental health 
There is preliminary evidence to suggest that workplace exercise interventions can 
positively affect mental health (Abdin et al., 2018). In a narrative review, Abdin et al., 
(2018) identified five studies (n=3 RCTs and n=2 non-controlled trials) where 
structured exercise training was delivered to office-based employees in their 
workplace. Interventions included walking programmes (n=3), yoga (n=1), and a 
‘moderate volume, low intensity exercise programme’ (n=1). A range of mental health 
outcomes were assessed using 10 different questionnaires, including stress, 
subjective vitality, HR-QoL, wellbeing, affect and perceived work limitations. Although 
the study authors concluded that workplace exercise training interventions can 
improve markers of mental health (Abdin et al., 2018), it is concluded here that given 
the small number of studies reporting each outcome and heterogeneity in the 
variables and assessment tools used, caution should be taken in the interpretation of 
the findings. Further work is needed to establish the effect of workplace exercise 
interventions on markers of mental health. 
 
Although the effects of workplace physical activity and exercise interventions on 
physical fitness, cardiometabolic and mental health appear to vary and can only be 
considered preliminary in the case of some outcome variables, the number of 
individual studies conducted to date suggest that the workplace remains a popular 
setting for the implementation of health promotion programmes. Despite this, 
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participation rates have varied from 33-61% of eligible employees (Bull et al., 2003; 
Robroek et al., 2009) and loss to follow up of 4-40% (median: 27%) (Rongen et al., 
2013). Poor reach and high attrition may indicate that some programmes are not 
feasible or acceptable in the settings in which they are implemented. In an attempt to 
overcome such issues, formative primary research with relevant stakeholders has 
been recommended during intervention planning (Bauman & Nutbeam, 2013; Craig 
et al., 2008). Furthermore, novel and time efficient exercise prescriptions could have 
the potential to engage employees who perceive ‘lack of time’ as a barrier to physical 
activity participation in the workplace (Hunter et al., 2018). One such exercise 
prescription is high-intensity interval training. 
 
2.4 High-intensity interval training 
High-intensity interval training (HIT) is a form of exercise characterised by brief 
intermittent bursts of relatively high-intensity exercise, interspersed with periods of 
rest or active recovery (Fox et al., 1973). The use of HIT to enhance physical fitness 
and promote performance in athletic populations has been commonplace for many 
decades (Billat, 2001; Buchheit & Laursen, 2013a). Interval training was first 
described by Reindell & Roskamm (1959) and was popularised by a range of athletes 
during this time including the Olympic long-distance runner Emil Zatopek. Zatopek 
repeated up to one hundred 400m repetitions at high running velocity per training day, 
interspersed with 200m of recovery running (Billat, 2001). Clearly the volume of 
interval training here would be extreme in untrained individuals; however, in the last 
decade there has been increased research interest into the effects of a range of 
different interval protocols on health and fitness variables in untrained populations 
(Gibala et al., 2012).  
 
To illustrate, a search for “high-intensity interval training” and “adults” using the 
Scopus database returns 1094 search results (as of June 2019). Although the earliest 
result was from 1978, 95% of the search results were published since 2010, and 60% 
since 2015. While crude, this measure indicates the growth of research activity into 
the topic of HIT in the last decade. Notwithstanding the wealth of literature available 
examining the effects of HIT in populations such as clinical groups (Hannan et al., 
2018; Harvey et al., 2019; Weston et al., 2014a), children and adolescents (e.g. Bond 
et al., 2017; Wewege et al., 2017) and athletic populations (Engel et al., 2018; 
Laursen, 2010; Laursen & Jenkins, 2002; Seiler & Tønnessen, 2009; Stöggl & 
Björklund, 2017), the volume of literature available coupled with the limited space 
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available within a PhD thesis necessitates that the following section of this literature 
review will discuss the effects of HIT only on outcomes, and in populations (i.e. 
healthy adults), that are relevant to the PhD thesis unless otherwise specified. Where 
available, the literature review will discuss the findings of systematic reviews and 
meta-analyses with consideration of a selection of pertinent primary research studies. 
Since the focus of this PhD thesis is on HIT interventions delivered outside the 
laboratory, the following literature review will primarily focus on HIT trials conducted 
in ‘real-world’ environments in adults. Here, real-world environments are defined as 
settings outside of the laboratory, in places where individuals might usually conduct 
their activities of daily living that therefore have high external validity (Roche et al., 
2014), such as community parks, gyms, home-based settings or the workplace. The 
literature review will culminate with a discussion of the workplace HIT trials published 
to date.  
 
2.4.1 The development of HIT protocols  
Up to nine training variables can be manipulated within HIT protocols, including the 
exercise mode, intensity, interval and recovery period duration, number of repetitions 
and recovery periods, and the activity performed during recovery periods (Buchheit & 
Laursen, 2013a), which has led to the development of a wide range of HIT protocols 
(Weston et al., 2014a). Although to date a ‘best practice’ HIT protocol has not been 
identified (Gibala, 2018), for the purposes of clarity the protocols described in the 
literature will be categorised accordingly: aerobic interval training (AIT) describes 
protocols with high-intensity bouts lasting >60 secs; sprint interval training (SIT) 
describes protocols with high-intensity bouts lasting ≤30 secs; and low-volume HIT 
describes protocols with high-intensity bouts lasting between 30-60 secs.  
 
A commonly applied AIT protocol originated from a Norwegian research group led by 
Professor Ulrik Wisløff and involves 4x 4 minute high-intensity bouts performed at 85-
95% of maximal heart rate (HRmax), interspersed with 3 minutes of active recovery 
(Rognmo et al., 2004; Wisløff et al., 2007). In the first study examining the effects of 
AIT, 21 older adults (n=3 women, aged 63 years) with stable coronary artery disease 
were randomised to either an AIT group (uphill treadmill walking, 4x 4 min 80-90% 
VO2max, 3 minutes of walking at 50-60% VO2max), or a MICT group (41 min of 
continuous treadmill walking at 50–60% of VO2max) (Rognmo et al., 2004). Post-
intervention, VO2max improved in both groups, but the 18% (6 mL·kg-1·min-1) increase 
in the AIT group was significantly greater (p=0.011) compared to the 8% (2.7 mL·kg-
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1·min-1) increase observed in the MICT group. There was no change in blood pressure 
or body mass in either group, post-intervention. Given that the exercise prescription 
in both groups was comparable on a matched-work basis, this study supports the 
notion that intensity of exercise, as opposed to duration, is of paramount importance 
for eliciting adaptations in CRF. This study was limited by a lack of no-exercise control 
group and the inclusion of only three women in the sample, therefore subsequently 
Wisloff et al., (2007) randomised 27 patients with stable heart failure (n= 13 women, 
age: 76 ±11 years) to 12 weeks of thrice weekly AIT or MICT using the same protocols 
as previously described, or a no-exercise control group. Post-intervention, VO2max 
improved by 46% (6 mL·kg-1·min-1) in the AIT group and 14% (1.9 mL·kg-1·min-1) in 
the MICT group compared with control. Lateral vastus levels of peroxisome 
proliferator activated receptor gamma coactivator 1 alpha (PGC-1α), a regulator in 
the activation of genes responsible for substrate utilisation and mitochondrial 
biogenesis (Lira et al., 2010) increased by 47% in the AIT group (p=0.01) only. 
Maximal rate of calcium ion (Ca2+) reuptake into sarcoplasmatic reticulum by 
sarcoendoplasmic reticulum calcium transport ATPase (SERCA) in skeletal muscle 
increased by 60% (p=0.01) in the AIT group only (Wisloff et al., 2007). As such, this 
study was the first to attempt to elucidate the mechanisms behind AIT induced 
adaptations.  
 
Early AIT studies were conducted in older adults with chronic health conditions; 
however, a model of HIT at the highest end of the intensity spectrum, SIT, was initially 
tested in young, recreationally active individuals. A commonly applied SIT protocol 
involves repeated Wingate sprints consisting of 4-6x 30sec high-intensity bouts and 
4 minutes of recovery at supramaximal intensity (≥100% VO2max) (Burgomaster et al., 
2005). This protocol was popularised by work from a Canadian research group led by 
Professor Martin Gibala. Using a non-randomised, controlled trial design, 
Burgomaster et al., (2005) assigned eight healthy participants (2 women; mean age 
22 ±1 years; baseline VO2max 45.5 mL·kg-1·min-1) to a SIT group (2 weeks, thrice 
weekly, Wingate sprints described above) and eight healthy men (mean age 25 ±2 
years) served as a no-exercise control group. Post-intervention cycle time to 
exhaustion improved from 26 ±5 minutes at baseline to 51 ±11 minutes post-
intervention (p= 0.05) with no change in the control group. Although in comparison to 
control there were no changes in VO2max in the SIT group, muscle biopsy assessed 
maximal citrate synthase activity (a marker of the mitochondrial content of skeletal 
muscle) increased by 38% (p=0.05) and resting muscle glycogen concentration 
increased by 26% (p=0.05). Although preliminary in nature, given the small sample 
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and non-randomised study design, the improvements in markers of muscle 
metabolism and oxidative capacity observed here, begin to elucidate the mechanisms 
behind SIT induced improvements in CRF and exercise performance. However, as 
this study was conducted in a small sample of young and physically fit participants, it 
is unclear if such a demanding protocol would be feasible and acceptable in inactive 
or older participants. Subsequently, using a non-controlled study design Whyte et al., 
(2010) examined the effect of the same SIT protocol (2 weeks, 3 sessions per week) 
in overweight or obese men (n=10, mean age: 32.1 ± 8.7 years). Participants were 
able to complete the protocol without adverse events and post-intervention there was 
a 3.1 mL·kg-1·min-1 increase in VO2max (p=0.015). While these findings suggest that 
SIT can be conducted with overweight or obese participants, given the lack of control 
group it cannot be known if adaptations were induced by the exercise training. 
Although collectively these findings indicate that SIT may positively impact on 
physiological and metabolic markers, repeated ‘all-out’ Wingate sprints have been 
criticised as too demanding for inactive individuals (Hawley & Gibala, 2009).  
 
Consequently, Gibala’s research group sought to design a more ‘practical’ HIT 
protocol where the absolute intensity of the intervals and recovery time decreased 
but interval duration increased. This model of HIT incorporated 8 to 12x 60sec high-
intensity bouts at ≥90% of HRmax, interspersed with 75secs of rest (Little et al., 2010). 
In the first study examining this model of low-volume HIT, seven healthy recreationally 
active young men participated in 2 weeks of cycle ergometer HIT with 8-12x 60 
second high-intensity bouts at a workload that corresponded to the peak power output 
achieved during a CPET, interspersed with 75 secs of low intensity cycling (Little et 
al., 2010). Post-intervention levels of PGC-1α increased by ∼24% (p=0.02), there was 
a 16% and 20% increase in the maximal activity and protein content of citrate 
synthase, respectively (both p=0.01) and protein content of GLUT4 (an insulin 
regulated glucose transporter) increased by 119% (p=0.04). Although VO2max was not 
quantified post-intervention, 50 kJ and 750 kJ cycle time trials improved by 11% 
(p=0.04) and 9% (p=0.005), respectively. Although preliminary in nature due to the 
non-controlled study design and small sample size, these findings demonstrate that 
low-volume HIT can improve markers of mitochondrial biogenesis, indicating the 
potential mechanisms behind the HIT induced muscle adaptations that may lead to 
increased exercise capacity. Although this protocol was termed ‘practical’ (Little et al., 
2010), the true practicality of the model is questionable as it still requires a ~25-minute 
time commitment including warm-up, rest breaks and cool down. Furthermore, it is 
unknown if the same adaptations would occur using other exercise modalities as the 
49 
 
protocol has been tested using only cycle ergometers with intervals conducted 
against a high breaking force.   
 
There is an expanding body of literature examining HIT protocols with shorter high-
intensity bout durations (≤20 secs). One protocol gaining traction has been termed 
reduced-exertion HIT (REHIT) which involves 10 minutes of low intensity cycling 
interspersed with one to two 10-20sec all-out sprints against a breaking force 
equivalent to 7.5% of body weight (Metcalfe et al., 2012; Metcalfe et al., 2015; 
Metcalfe et al., 2016; Vollaard & Metcalfe, 2017). Metcalfe et al., (2012) randomly 
assigned 29 healthy but inactive young men (n=13) and women (n=16) to a REHIT 
intervention or a control group. The REHIT intervention consisted of six weeks of 
thrice weekly, low intensity cycle ergometer exercise (60W) for 10 minutes 
interspersed with one (1st session) or two (remaining sessions) 15-20 sec all-out 
cycle sprints against a braking force equivalent to 7.5% of body weight. Post-
intervention VO2max improved by 13% in the REHIT group (male: 5.3 mL·kg-1·min-1; 
female: 3.9 mL·kg-1·min-1, both p<0.01) with no substantial changes from baseline in 
the control group.  Although in comparison to the control group there was no 
substantial changes in area under the curve for blood glucose, insulin sensitivity 
significantly improved by 28% in male participants (p<0.05), but not in females. 
Although it is unclear why these sex differences occurred, the limited sample size in 
this preliminary work limits the confidence with which conclusions to be made. In a 
subsequent non-controlled trial, Metcalfe et al., (2016) examined the effects of six 
weeks of thrice weekly REHIT involving 10 minutes of unloaded cycle ergometer 
exercise with one or two 10-20 sec ‘all-out’ sprints against a resistance of 5% of body 
mass in 35 inactive participants (18 women, mean age men: 33 ±9 years and women: 
36 ±9years). Post-intervention VO2max improved by 9.6% (3.1 mL·kg-1·min-1, p<0.001) 
and both blood insulin and glucose area under the curve reduced by 8.3% and 4.1% 
respectively; however, this effect was not statistically significant (p=0.096 and 
p=0.119, respectively). Although, this preliminary body of work demonstrates that 
REHIT may elicit favourable adaptations in fitness and metabolic markers, the utility 
of this form of HIT outside of the laboratory is questionable, as a cycle ergometer is 
required with a specific breaking force applied. This exercise modality may not only 
be impractical for some individuals, correctly calculating and applying the breaking 
force may reduce the compliance with the protocol in field-based environments, thus 




It is acknowledged that there are other novel SIT protocols incorporating a higher 
number of shorter duration high-intensity bouts (e.g. 60x 8 second cycle ergometer 
sprints (Trapp et al., 2008)). However, the findings of these studies will not be 
described in detail here. The purpose of this literature review is to provide a scientific 
rationale and background for a field-based HIT programme and it is questionable 
whether a protocol with such tight work/rest turnaround times would be feasible 
without the use of cycle ergometers or treadmills, which are likely to be unavailable 
for use in this programme of work. Therefore a focus will be given to protocols which 
are more likely to be feasible in a field-based intervention.  
 
Despite the evolution of a range of HIT protocols, no ‘best practice’ HIT protocol has 
been identified (Gibala, 2018). Although this could be viewed as problematic when 
designing evidence based HIT protocols; it could also be viewed as an opportunity to 
design a range of HIT programmes that could be tailored to a range of settings, 
provided the intensity of the exercise is uniform and quantified (Taylor et al., 2015). 
Indeed a “one-size-fits-all” approach to exercise recommendations may not suit all 
individuals (Vollaard & Metcalfe, 2017) and therefore alternative or novel exercise 
options could engage a wider range of individuals. To provide an overview of the HIT 
literature as a whole, the following section of this literature review will describe the 
effect of HIT on the physical fitness, cardiometabolic and mental health outcomes 
relevant to the PhD programme. For the purposes of clarity, HIT will be used as an 
umbrella term describing all protocols, whereas AIT, SIT and low-volume HIT will be 
used where appropriate to describe distinctions between the protocols used in the 
individual studies.  
  
2.4.2 Effects of HIT on markers of physical fitness 
2.4.2.1 Effects of HIT: cardiorespiratory fitness  
In comparison to traditional endurance training, HIT was originally perceived to have 
less of an impact on oxidative energy metabolism and endurance capacity (Gibala & 
McGee, 2008). Considerable research has since demonstrated that HIT can elicit 
improvements in VO2max similar to those found with more traditional modes of 
endurance exercise. Exercise that elicits VO2max or a very high percentage of VO2max 
is thought to maximally stress the oxygen transport and utilisation systems and 
therefore stimulate adaptations in CRF (Laursen & Jenkins, 2002). Exercise at close 
to, or at, VO2max allows for greater recruitment of large motor units (Martinez-Valdes 
et al., 2017) and attainment of close-to-maximal cardiac output (Astorino et al., 2017), 
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which over time could cause oxidative muscle fibre adaptation and cardiac 
enlargement, thus improving VO2max. Part of the practical appeal of HIT, is that the 
intermittent nature may allow the maintenance of high-intensity exercise for longer 
periods of time, in comparison to continuous exercise (Guiraud et al., 2012), thus 
eliciting a training stimulus while permitting reduced exercise time. Table 2 outlines 
the six meta-analyses that have been conducted to date on this topic. Across these 
meta-analyses, the effect of HIT on VO2max when compared with no exercise control 
varies in magnitude from moderate (d=0.69) (Gist et al., 2014) to likely large 
(7.8%,Vollaard et al., 2017) (5.5 mL.kg-1min-1 Milanovic et al., 2015) improvements in 
VO2max. The effect of HIT on VO2max in comparison to MICT varies from unclear 
(Weston et al., 2014b); to trivial (Gist et al., 2014) and possibly small (Milanovic et al., 
2015).  
 
One potential explanation for the differences in the meta-analysed effects could be 
the definitions of HIT (or type of HIT protocols) used in each of the individual meta-
analyses. For example, while Milanovic et al., (2015) included any HIT protocol, 
provided the exercise intensity was described as ≥90% HRmax, Weston et al., (2014b) 
defined low-volume HIT as interval durations between 30-60s, conducted at maximal 
or near maximal intensity. Although three of the meta-analyses included only SIT 
protocols, their definitions of SIT vary (Gist et al., 2014; Sloth et al., 2013; Vollaard et 
al., 2017). Gist et al., (2014)  defined SIT as any interval duration between 30sec to 
4 min where intensity was described as “maximal”, whereas both Sloth et al., (2013) 
and Vollaard et al., (2017) defined SIT as intervals lasting between 10-30sec at 
“maximal” or “all-out” intensity. The intensity of HIT defined by Bacon et al., (2013) 
was lower at ≥80-85% VO2max, with work: rest ratio of ≥1:1. Furthermore a range of 
different populations were included in the aforementioned reviews, for example Gist 
et al., (2014) included participants of all ages including children and older adults 










Subjects HIT definition Comparison group ∆ VO2max vs. non-
exercise control 
∆ VO2max vs. MICT 
Gist et al., 
(2014) 
16 All ages 
 
SIT: 30s-4 min interval 
duration, all out, supra 
maximal, maximal or 
≥100% vo2max 
 
Control: no exercise 
MICT: endurance 
Cohens d= 0.69 
 
Cohens d= 0.04 
Weston et 
al., (2014) 





athletic males, over 
18 years  
Low volume HIT 30-60 
second intervals, 
maximal/ near maximal 
Control= non-exercise 
control  
Endurance= MICT group 
Active non-athletic males: 
Likely moderate 6.2% 
90%CL ±3.4% 
Sedentary males: possibly 




moderate 3.6% 90%CL 
±4.3% 
Sedentary females: likely 
small  7.3% 90%CL ±4.8% 
Athletic males: unclear 
Unclear (-1.6% 90% 
±CL 4.3%) 
Sloth et al., 
{2013) 
19 Healthy sedentary, 
recreationally active 
young adults 
SIT- 10-30 second 
intervals, maximal 
Comparison group not 
defined by authors  
Hedges g= 0.6, 95% CI 
0.39 to 0.87 
4.2-13.4% increases in 









athletic adults aged 
18-45 years 
HIT: any interval protocol 
with intensity described 
as “all-out”, 
“supramaximal”, 





Control: no exercise 
control 
Likely large beneficial 
effect 5.5 mL·kg-1·min-1 
95%CL ± 1.2 mL·kg-1·min-1 
Possibly small 
beneficial effect for 
HIT 1.2mL.kg.min-1 




37 Health, sedentary/ 
recreationally active 
adults, 18-45 years 
HIT: ≥80-85% VO2max, 
interval duration not 
Unclear from the study 
reporting 










34 Healthy untrained 
(baseline VO2max 
≤55 mL·kg-1·min-1) 
adults aged over 18 
years 
 
SIT: all-out Wingate 
cycle sprints  
Controlled and non-
controlled trials included 
Likely large 7.8% 90% CL 
±4.0%  
 





Despite between-study differences in the findings, from the current evidence base it 
can be concluded that both HIT and MICT elicit substantial and similar improvements 
in VO2max. However, the HIT induced improvements in VO2max are attained following a 
lower training volume and time commitment. The vast majority of trials examining the 
effect of HIT on CRF are laboratory-based and therefore can only determine the 
efficacy of HIT under tightly controlled circumstances which limits the ecological 
validity of the findings. To address this limitation, effectiveness trials can be 
implemented to investigate intervention effects under ‘real-life’ conditions (Courneya, 
2010). This is important because the magnitude of effects is thought to be attenuated 
and more variable under less tightly controlled conditions (Courneya, 2010). To 
illustrate, Blackwell et al., (2017) compared four weeks of supervised laboratory-
based low-volume HIT (5x 60sec high-intensity bouts, 90sec rest) performed on cycle 
ergometers with a home-based low-volume HIT protocol using body weight exercises 
(e.g. star jumps). Post-intervention there was an 8% increase in VO2max (2.2 mL·kg-
1·min-1; variability in change not reported) in the home group, whereas there was a 
17% (4.5 mL·kg-1·min-1 variability in change not reported) increase in the laboratory 
group. Despite reporting 100% session attendance in both groups, Blackwell et al., 
(2017) did not provide exercise intensity data, which is concerning given that the 
intervention was unsupervised. The lack of exercise data is also problematic as it 
precludes an intervention fidelity assessment for the home-based study arm; that is 
the extent to which the intervention was implemented as intended, in a comparable 
manner to all participants (Dumas et al., 2001). Although exercise trials frequently 
report session attendance, this does not give any indication as to whether the 
participants have complied with the prescribed exercise.  Such an omission is 
problematic in HIT research where adhering to the required exercise intensity is 
paramount, as it is likely the intensity that drives the physiological adaptations (Taylor 
et al., 2015). Heart rate monitoring is one commonly used method of comprehensively 
assessing the intensity of exercise (Taylor et al., 2015). As Blackwell et al., (2017) 
observed a larger improvement in VO2max in the laboratory group compared with the 
home group (17% vs. 8%, respectively); it is unclear if the exercise intensity was 
compromised in the home group. This may be particularly important as there is 
evidence to suggest that adherence and compliance is higher in supervised versus 
unsupervised exercise programmes (Fennell et al., 2016). In the most recently 
published study comparing unsupervised home-based HIT with a laboratory-based 
HIT protocol, participants (n=32, 13 males, mean age: 36 ±3 years) self-selected into 
either a home group (n=9), a laboratory group (n=10) or a home MICT group (n=13) 
with twelve weeks of thrice weekly exercise sessions prescribed for all groups (Scott 
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et al., 2019). The home HIT protocol involved 4-8x 60 sec high-intensity bouts, with 
60 secs of rest incorporating two different 30-sec bodyweight exercises such as 
jumping jacks or jogging on the spot while punching the air. The laboratory HIT 
protocol involved the same low-volume HIT protocol conducted on cycle ergometers 
at 100% of peak watts (Wpeak) established during a CPET. The home-based MICT 
group performed 30-50 minutes of continuous moderate intensity exercise of their 
choosing (e.g. swimming, walking). High-intensity interval training participants wore 
heart rate monitors for every HIT session and the threshold for high-intensity exercise 
was ≥80% HRmax, which is slightly lower than the commonly utilised threshold for HIT 
(Weston et al., 2014a). Nonetheless, the HIT criterion was achieved in 80-100% of 
completed sessions (Scott et al., 2019). Although it is unclear from the study 
reporting, it appears that the criterion was satisfied if participants achieved the target 
heart rate at any single time point over the course of the HIT protocol, as opposed to 
whether the criterion was satisfied during each high-intensity bout. As such it is 
unclear if participants were exercising at high-intensity for all of the HIT bouts, or for 
only one second at any time point during the HIT session. Despite this, post-
intervention VO2max increased by 16%, 20% and 12% in the home-HIT, laboratory HIT 
and home-MICT groups, respectively, with no statistically significant difference 
between groups (Table 3) (Scott et al., 2019). Collectively these findings demonstrate 
that HIT could feasibly be delivered and elicit improvements in CRF outside of the 
laboratory. However, inadequate exercise intensity reporting limits the confidence 
with which the findings can be interpreted.  
 
The effects of HIT in adults have also begun to be explored in other ‘real-world’ 
settings including community gyms (Reljic et al., 2018), community parks (Lunt et al., 
2014) and workplaces (Allison et al., 2017; Shepherd et al., 2015), however the 
findings of workplace HIT trials published to date will be discussed in depth later in 
this literature review. The effects of real-world HIT trials published to date on VO2max 
are shown in Table 3 and vary widely from a reduction in VO2max of 0.7% (-0.2 mL·kg-
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Key: I= intervention group, CON= control group, PA= physical activity, LV-HIT= low volume high-intensity interval training, HIT= high-intensity 
interval training, MICT= moderate intensity continuous training, SIT= sprint interval training, AIT= aerobic interval training *= significant difference 
pre- post at p=0.05, ** significant difference in change intervention vs. control, CPET= cardiopulmonary exercise test, erg= ergometer 
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One explanation for the variation could be the range of HIT protocols utilised in the 
individual trials. Reljic et al., (2018) examined the impact of a low-volume HIT protocol 
(5x 60sec with 60sec rest) and an AIT protocol (2x 4 min with 2 min rest) conducted 
on cycle ergometers in 34 sedentary participants (n= 11 males, age: 30.5 ±7 years) 
in a community gym setting. Post-intervention there were improvements in VO2max of 
25% (7.2 mL·kg-1·min-1) in the low-volume HIT group and 16% (5.0 mL·kg-1·min-1) in 
the AIT group. In contrast, Lunt et al., (2014) compared an AIT protocol (fast walking 
or jogging, 4x 4min, with 3 mins rest) with a SIT protocol  (uphill jogging or walking, 
3x 30s, with 4 mins rest) in 49 sedentary and overweight participants (men=13, mean 
age: 48 years). Post-intervention there was no substantial improvement in VO2max in 
the SIT group (0.2 mL·kg-1·min-1), though a 6% (1.4 mL·kg-1·min-1) improvement in 
VO2max was observed in the AIT group.  
 
The previously described real-world HIT trials were relatively short in duration 
(between 4 to 12 weeks), so the long-term effect of HIT delivered in real-world settings 
is unclear. To address this limitation, in a twelve month trial Roy et al., (2018) 
randomised 250 (95 male) overweight and obese adults (mean age: 44 years) into 
either a ‘physical activity guidelines’ group, who were advised to participate in 150 
minutes per week of moderate to vigorous intensity physical activity or a ‘HIT’ group. 
Participants in the HIT group self-selected their own HIT protocol, session frequency 
and duration based on a single education session where examples of HIT protocols 
were provided to participants. A broad range of activities were included in the ‘HIT’ 
prescription such as small sided games, group exercise classes and previously 
described SIT and low-volume HIT protocols (Burgomaster et al., 2005; Little et al., 
2010). This decision is highly questionable for a number of reasons. Firstly, the 
authors could not promote the safety of their participants while they were participating 
in exercise modalities that were recommended. Furthermore, it cannot be known if or 
to what extent the intervention was standardised between participants, indeed it is 
likely that it was not. The intensity and modality of the small sided games and group 
exercise classes recommended to participants as ‘HIT’ had not been quantified pre-
intervention. As the intensity of exercise is an important mediator in the adaptations 
promoted by chronic training (MacInnis & Gibala, 2017), this is a major study design 
flaw which could explain why the HIT intervention had limited effect on VO2max (-0.3 
mL.kg-1min-1) (Roy et al., 2018). Indeed, given the lack of high-quality intervention 
fidelity monitoring procedures, it is unclear if the participants adhered to any form of 




Although four of the five real-world HIT trials described in Table 3 undertook heart 
rate monitoring during the intervention, the data are equivocal. Only a single trial 
(Reljic et al., 2018) conducted heart rate monitoring in all exercise sessions and 
reported mean peak heart rates indicative of high-intensity exercise (i.e. ≥85%HRmax 
(Weston et al., 2014a). However providing mean heart rate as the only quantification 
of intervention fidelity has been criticised (Taylor et al., 2015) because repeated 
exercise sessions performed across an intervention will give rise to between-subject 
and within-subject variability in exercise intensity, overestimating the true intervention 
fidelity (i.e. whether the intervention has been implemented as intended across all 
participants) (Dumas et al., 2001). Although Lunt et al., (2014) conducted heart rate 
monitoring in every session in the AIT and MICT groups, heart rate monitoring was 
only conducted in weeks 6 and 10 of the intervention for the SIT group; the study 
authors did not justify this decision (Lunt et al., 2014). Roy et al., (2018) conducted 
heart rate monitoring intermittently at month 0, 3, 6 and 12 of the intervention for one 
week each when participants were performing physical activity. At month 0, 82% of 
participants provided heart rate data whereas by month 12 only 29% of participants 
provided data. Nevertheless, the authors reported that HIT participants spent an 
average of 21 to 24 minutes per week with heart rates corresponding to ≥80% HRmax 
(Roy et al., 2018) but given the limited number of participants providing this data, HIT 
adherence is unclear. All of the real-world HIT trials conducted to date lack a true no-
exercise control group, which limits the confidence with which findings can be 
interpreted given the substantial biases that arise from non-controlled study designs 
(Hariton & Locascio, 2018). Although four of the five studies (Blackwell et al., 2017; 
Lunt et al., 2014; Reljic et al., 2018; Scott et al., 2019) quantified VO2max using a 
CPET, a submaximal prediction of VO2max (YMCA step test) was used by Roy et al., 
(2018) which may further explain the differences observed in the effects.  
 
In summary, collectively the real-world HIT trials conducted to date with adults 
demonstrate that HIT conducted outside of the laboratory may elicit improvements in 
VO2max, yet there are a number of limitations associated with the current evidence 
base. Controlled real-world HIT interventions with rigorous measurement and 





2.4.2.2 Effects of HIT: muscular fitness 
In comparison to CRF, the effect of HIT on muscular fitness is less well studied. The 
effect of low-volume HIT on peak sprint power (a marker of short term muscular 
power) was assessed in a meta-analysis of 16 controlled and non-controlled trials 
(Weston et al., 2014b). In comparison to the selected minimal important difference of 
1.7 watts (0.2 of the baseline standard deviation), the improvement of 2.2 watts (90% 
confidence limit ±10.3 watts) observed in the HIT group was unclear given the large 
uncertainty in this estimate. The studies included only male participants (Weston et 
al., 2014b), which limits the generalisability of the findings. However, a subsequent 
study examined the effect of HIT on muscular fitness following a six week intervention 
where 28 recreationally active women (mean age: 25 years) were randomised into 
either a rowing HIT group or a multi-modal HIT group (MM-HIT) (Buckley et al., 2015). 
Both interventions followed the same thrice weekly low-volume HIT protocol (6x 
60sec, interspersed with 3 minutes of rest), with different exercise modalities between 
groups. The rowing HIT group participated in six “all-out” rowing bouts on a rowing 
ergometer; whereas each 60sec MM-HIT bout was divided into three parts: a strength 
exercise for 4–6 repetitions, an accessory movement for 8–10 repetitions, and a 
“metabolic component” conducted at “all-out” intensity for the remainder of the 60sec. 
No further detail was provided for the MM-HIT exercise prescription, which limits the 
repeatability of this study. In accordance with the principles of training specificity 
(Gamble, 2006), as the MM-HIT group also included strength based exercises it is 
unsurprising that post-intervention there was a statistically significant (p≤0.05) 
improvement in (mean change ±SD; percentage change) squat (18kg ±15kg; 39%), 
shoulder press (10kg ±4kg; 27%) and dead lift (12kg ±18kg; 18%) 1RM. In 
comparison, in the rowing HIT group the changes in squat (1kg ±14kg; 2%), shoulder 
press (1kg ±9kg; 4%) and dead lift 1RM (2kg ±27; 3%) did not reach statistical 
significance. Due to the inclusion of a dedicated strength training component in the 
MM-HIT group, it clearly does not constitute an exclusively “HIT” intervention, 
therefore when considering only the literature available for HIT, the study by Buckley 
et al., (2015) demonstrates that rowing HIT may not substantially effect muscular 
fitness in young women. Additionally, as muscular strength was assessed by 1RM 
tests, it is unclear if rowing-based HIT affects other markers of muscular fitness such 
as grip strength.  
 
The effect of HIT on muscular fitness in middle aged and older adults was investigated 
in a recent RCT (Hurst et al., 2018b). Here, 36 adults (aged between 51-80 years) 
were randomly allocated to either a control group or 12 weeks of twice weekly 
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combined upper and lower body AIT (4x 4mins, with 4 mins recovery). Post-
intervention, compared with control the intervention effect was a likely trivial effect for 
dominant hand grip strength (5.9%; 90% CI 0.5–11.5%) (Hurst et al., 2018b). As such 
more data is needed to assess the impact of this form of HIT on markers of muscle 
strength and power.  
 
The studies examining the effects of HIT on muscular fitness have been confined to 
laboratories and muscular fitness variables have not been assessed in the real-world 
HIT trials that have been published to date. Furthermore, in the aforementioned 
studies (Buckley et al., 2015; Hurst et al., 2018b), although muscular strength and 
power were assessed, direct between-study comparisons are problematic due to 
differences in the assessment techniques. Given the short duration of the HIT trials 
that have assessed facets of muscular fitness (6-12 weeks), the impact of long-term 
HIT participation on markers of muscular fitness is unknown. Furthermore, between-
study differences in exercise modalities and HIT protocols impede conclusions 
regarding the optimal HIT prescriptions that may elicit adaptations in muscular fitness 
variables. As such, the evidence examining the effect of HIT on markers of muscular 
fitness can be considered preliminary at best. Further controlled trials are needed in 
a wider range of populations, examining a range of muscular fitness variables to 
further elucidate the effect of HIT on markers of muscular fitness.   
 
2.4.3 Effects of HIT on cardiometabolic health outcomes 
2.4.3.1 Effects of HIT: blood pressure 
A meta-analysis of seven RCTs examined the effect of HIT (intensity ≥80% HRmax) in 
comparison to MICT on resting blood pressure in individuals with pre to established 
hypertension (Costa et al., 2018). Both HIT and MICT elicited similar reductions in 
resting blood pressure (SBP -6.3 mmHg and -5.8 mmHg in HIT and MICT groups 
respectively; DBP -3.8 mmHg and -3.5 mmHg in HIT and MICT groups respectively). 
However, the participants in the included studies had a range of other co-morbidities 
including metabolic syndrome (n=3 studies), prediabetes (n=1 study), heart failure 
(n=3 studies), coronary artery disease (n=1 study) and abdominal adiposity (n=1 
study) and so these findings may not be generalisable to healthy participants. 
Furthermore, there were differences across the studies in the measurement 
techniques used for the assessment of blood pressure. For example, two studies 
used supine and seated measurement, one study used 24-hour ambulatory 
monitoring and four studies did not report measurement technique details (Costa et 
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al., 2018).  Although current guidelines suggest that blood pressure can be measured 
in either the supine or sitting position (Pickering et al., 2005), it has been documented 
that both SBP and DBP can be 2-3 mmHg higher if measured in the sitting position 
compared with supine measurement (Jamieson et al., 1990) and so direct comparison 
of between-study effects is problematic. Given that the majority of participants from 
the studies included in the meta-analysis by Costa et al., (2018) were clinical 
populations, it is unsurprising that all studies were conducted in laboratory settings. 
However the effect of HIT on blood pressure has been assessed in a limited number 
of field-based studies (Table 4).  
Table 4 Effects of real-world HIT trials on blood pressure 





























119 ±21 120 ±19 +1 +0.8 80 ±10 81 ±10 +1 +1.3 
I2: AIT 115 ±7 112 ±9 -3 -2.6 79 ±7 80 ±6 +1 +1.3 
MICT 122 ±15 118 ±14 -4 -3.3 89 ±13 81 ±15 -8 -9.0 
Blackwe















I1: AIT 119 ±14 116 ±12 -3 -2.5 75 ±8 74 ±7 -1 -1.3 
I2: SIT 129 ±14 123 ±10 -6 -4.7 81 ±11 75 ±7 -6 -7.4 




HIT 124 ±16 120 ±14 -4 -9.0 78 ±10 76 ±9 -2 -2.6 
MICT 125 ±15 121 ±14 -4 -9.0 79 ±10 76 ±10 -3 -3.8 
Key: I= intervention group, lab= laboratory, LV-HIT= low volume high-intensity interval training, HIT= 
high-intensity interval training, MICT= moderate intensity continuous training, SIT= sprint interval 
training, AIT= aerobic interval training *= significant difference pre- post at p=0.05, ** significant 
difference in change intervention vs. control, # data extracted from graph using software programme 
 
With the exception of Reljic et al., (2018) who reported a 1 mmHg increase in SBP 
following an unsupervised 12 month HIT intervention, the real-world HIT studies 
published to date reported a reduction in SBP of between 3-5 mmHg, with a similar 
trend for DBP (-6 mmHg to +1 mmHg). Although these findings did not reach 
statistical significance, MICT has been shown to reduce blood pressure to a similar 
extend (-3-5 mmHg) (Cornelissen & Smart, 2013). Furthermore, these findings may 
be clinically meaningful because a 6 mmHg and 3 mmHg reduction in SBP and DBP, 
respectively, have been shown to reduce the risk of CHD by 14% and stroke by 18%, 
(Salam et al., 2019). As previously discussed, the between-study variation in the 
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effects of real-world HIT trials on blood pressure could be due to a number of factors 
including differences in HIT protocols or intervention fidelity.  Additionally, the average 
baseline blood pressure was not notably high, and so substantial changes in blood 
pressure may not be expected or necessary. Although the current evidence base 
suggests HIT could elicit clinically important improvements in blood pressure in both 
normotensive and hypertensive individuals, it can be considered preliminary at best 
given the limited number of trials that have assessed this outcome.  
  
2.4.3.2 Effects of HIT: blood lipids 
The earliest systematic review examining the effect of HIT on blood lipids was 
published by Kessler et al., (2012).  A qualitative synthesis of 24 studies concluded 
that HIT (any HIT protocol ≥80% HRmax) had no significant effect on cholesterol or 
triglyceride levels (Kessler et al., 2012). However, the mean baseline values for both 
outcomes were within normal parameters in all included studies, which could explain 
the lack of effect. Although Kessler et al. (2012) concluded that HIT interventions of 
less than eight weeks in duration did not significantly affect HDL-C, one RCT 
conducted in healthy young men demonstrated an 18% improvement (+0.2 mmol.L-
1, variation in change not reported) in HDL-C compared with no-exercise control 
following 8 weeks of thrice weekly HIT (4x 800m treadmill running intervals, with 1:1 
work to rest ratio) (Musa et al., 2009). Despite the apparent limited effect of HIT on 
blood lipids in these early studies, it should be noted that in studies comparing HIT 
with MICT, there was also no effect on any of the blood lipid markers in MICT groups 
(Kessler et al., 2012). This may be explained by the short duration of the majority of 
studies (<12 weeks), as modifications in blood lipids are generally not expected in 
under 12 weeks (Robson, 2008). However, in a more recent meta-analysis examining 
the effect of any HIT protocol (≥85% HRmax) compared with MICT on blood lipids in 
overweight and obese adults, similar changes in all blood lipid outcomes were 
reported in both HIT and MICT groups (Su et al., 2019). Although the effect of HIT 
and MICT on cholesterol was statistically significantly different from baseline (HIT -
0.01 mmol.L-1; 95% CI 0.004 to 0.023; MICT -0.01 mmol.L-1; 95% CI 0.004 to 0.020, 
12 studies, p≤0.05), this does not consider whether a reduction of this magnitude is 
clinically meaningful so the finding should be interpreted with caution. Increases in 
HDL-C of 0.003 mmol.L-1 (95%CI -0.005 to 0.01) in HIT groups and 0.008 mmol.L-1 
(95%CI -0.007 to 0.009) in MICT groups from 19 studies were not statistically 
significant. An increase in triglycerides of 0.003 mmol.L-1 (95%CI -0.002 to 0.01) in 
HIT and 0.002 mmol.L-1 (95%CI -0.004 to 0.008) in MICT groups from 12 studies was 
also not statistically significant. Su et al., (2019) did not report, or differentiate 
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between, fasted or non-fasted blood lipid measurement techniques, which may 
explain the low precision in the effect estimates, as indicated by wide confidence 
intervals. With the exception of one study (Lunt et al., 2014), all of the studies included 
in the meta-analysis by Su et al., (2019) were conducted in laboratory environments. 
As demonstrated in Table 5, blood lipids have been assessed in three real-world HIT 
trials to date.  
 
Collectively there is a trend for small reductions in cholesterol levels from baseline. 
However, with the exception of Lunt et al., (2014) where a decrease in cholesterol of 
-0.1 mmol.L-1 in the SIT group and no change in the AIT group, was significantly 
(p=0.045 and p=0.004, respectively) different from the MICT group, the findings of 
the other studies did not reach statistical significance. The effect of real-world HIT 
interventions on HDL-C is unclear, with non-statistically significant effects ranging 
from a reduction of -0.1 mmol.L-1 (Lunt et al., 2014) to an increase of 0.1mmol.L-1 
(Reljic et al., 2018). Similarly, the effect of real-world HIT interventions on triglycerides 
is varied, with effects ranging from -0.2 mmol.L-1 (Roy et al., 2018) to +0.5mmol.L-1 
(Reljic et al., 2018); however these results did not reach statistical significance. The 
range in effects on triglycerides is most clearly represented in an eight week 
community gym-based HIT trial (Reljic et al., 2018) where AIT resulted in a reduction 
in triglycerides of -0.2 mmol.L-1 whereas low-volume HIT resulted in an increase of 
0.5 mmol.L-1.  
 
Between-study variation may be partially explained by the different assessment 
techniques used. Fasting venous samples were used by Lunt et al. (2014) whereas 
two studies used non-fasting samples (Roy et al., 2018, Reljic et al., 2018). 
Furthermore, short intervention duration (12 weeks) may also explain the lack of effect 
(Robson, 2008), as previously described.  It should be noted here that participants 
from one real-world HIT trial (Roy et al., 2018) were recruited from a concurrent trial 
investigating the impact of various dietary weight loss strategies; therefore, the effect 
of HIT on blood lipids cannot be elucidated from the impact of the dietary intervention.   
 
Collectively the evidence from meta-analyses and a limited number of real-world HIT 
trials demonstrate varying effects of HIT on blood lipids. Although favourable 
adaptations comparable to MICT may be possible in some blood lipid markers, further 




Table 5 Effect of real-world HIT interventions on blood lipids 






















































0 0 1.3 
±0.5 
1.8 ±1.0 +0.5 +38.5 








+0.1 +7.1 1.4 
±0.4 









+0.1 +8.3 1.5 
±0.4 















-0.1 -7.7 0.8 
±0.6 
0.7 ±0.4 -0.1 -12.5 










0 0 0.8 
±0.3 
0.9 ±0.4 +0.1 +12.5 








0 0 0.8 
±0.4 
















0 0 1.4 
±0.5 









+0.1 +7.7 1.3 
±0.6 
1.3 ±0.4 0 0 
Key: I= intervention group, LV-HIT= low volume high-intensity interval training, HIT= high-intensity interval training, MICT= moderate intensity 
continuous training, SIT= sprint interval training, AIT= aerobic interval training *= significant difference pre- post at p=0.05, ** significant difference 
in change intervention vs. control, a= converted from mg/dL. 
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2.4.3.3 Effects of HIT: blood glucose 
Low-volume HIT has been shown to elicit adaptations in markers of muscle 
metabolism and mitochondrial biogenesis in healthy adults, including increases in 
PGC-1α, maximal activity and protein content of citrate synthase and protein content 
of GLUT4 (Little et al., 2010). As reduced content and activity of mitochondria are 
implicated in the development of T2DM (Cheng & Almeida, 2014), Little et al., (2011) 
sought to investigate the effects of this model in a diabetic population (n=8; mean 
age: 63 ±8 years). Following six sessions of low volume HIT (10x 60 secs cycling at 
90% HRmax, 60 secs rest) over two weeks, mean 24 hour blood glucose concentration 
was significantly reduced (baseline: 7.6 ±1.0 mmol.L-1, post-intervention: 6.6 ±0.7 
mmol.L-1, p≤0.05). Furthermore, citrate synthase maximal activity (20%) and GLUT4 
protein content (369%) (all p ≤0.05) increased indicating improvements in muscle 
mitochondrial capacity. Although the findings should be interpreted with caution given 
the small sample and non-controlled trial design, this preliminary work led to 
increased interest into the effect of HIT on markers of glycaemic control.   
 
Jelleyman et al., (2015) conducted a meta-analysis of 18 controlled trials examining 
the effects of HIT on blood glucose. In healthy participants a reduction of 0.13 mmol.L-
1 (95% CI -0.19 to -0.07 mmol.L-1) from baseline was not statistically significantly 
different to control (effect size -0.17, 95% CI -0.34 to 0.01) (Jelleyman et al., 2015). 
However, in those with metabolic syndrome or T2DM, there was a reduction in blood 
glucose of 0.92 mmol.L-1 (95% CI -1.22 to -0.63) following HIT compared to no-
exercise control (Jellyeyman et al., 2015). A subsequent meta-analysis of controlled 
and non-controlled trials reported that HIT (any protocol) reduced fasting glucose in 
overweight and obese populations (effect size −0.35, 95% CI −0.62 to −0.09) 
(Batacan et al., 2017). However, this result should be interpreted with caution as the 
inclusion of non-controlled trials could inflate effect estimates (Higgins & Green, 
2008). Although it appears that HIT may improve blood glucose levels in those with 
elevated levels at baseline or in overweight or obese populations, it was not intended 
in this body of work to specifically target these populations. More relevant to this 
thesis, following a previously described community gym HIT intervention (Table 3), 
Reljic et al., (2018) observed a non-significant reduction in non-fasting blood glucose 
of -0.1 mmol.L-1  and -0.2 mmol.L-1 in the HIT and AIT groups, respectively, but no 
change from baseline in the MICT group. Given that the mean blood glucose levels 
of the participants were not outside normal parameters at baseline (mean ±SD: 4.7 
±0.8 mmol.L-1), this could further explain the lack of effect. Collectively, although there 
is meta-analytic evidence to suggest that HIT may elicit improvements in blood 
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glucose in those with elevated levels at baseline, further work is needed to examine 
the effect of HIT on blood glucose in settings outside of the laboratory.  
 
2.4.3.4 Effects of HIT: abdominal adiposity 
 The earliest study to examine the effect of HIT on body composition in healthy but 
inactive participants was a non-randomised trial comparing the effects of 20 weeks 
of MICT (30-45 minutes of continuous cycle ergometer exercise 4-5 times per week 
at 60-85% heart rate reserve (HRR)) in 17 men and women with 15 weeks of HIT 
in 10 men and women (Tremblay et al., 1994). Post-intervention, the HIT group 
demonstrated larger reductions in trunk fat (as measured by the sum of suprailiac 
and abdominal skin fold measurements) compared with the MICT group (HIT -
8.7mm vs. MICT: -6.3 mm). The HIT prescription used by Tremblay et al., (1994) 
included a combination of both MICT and HIT such that over the intervention ‘HIT’ 
participants conducted 25 MICT sessions and 36 interval sessions (10-15x 15 to 
30s or 4-5x 60 to 90sec high-intensity intervals). Therefore, although promising, the 
effects of HIT on body composition cannot be separated from the effects of MICT. 
Subsequently, Trapp et al., (2008) randomised 45 healthy but inactive young women 
to 15 weeks of SIT (60x 8sec “all-out” cycle ergometer sprints, 12sec rest), MICT (10-
40 mins continuous cycling at 60% VO2max) or a non-exercise control group. Post-
intervention, there were significant reductions (p≤0.05) in dual-energy X-ray 
absorptiometry (DXA) assessed total body fat in the SIT group only (SIT: -2.5 
±0.83 kg; MICT 0.44 ±0.88 kg; control 0.33 ±0.47 kg), as well as significant 
reductions in central abdominal fat in the SIT group only (SIT: −0.15 ±0.07 kg; MICT: 
+0.1 ±0.08 kg; control: 0.03 ±0.04 kg).  
 
These early studies led to further investigation of the effects of HIT on various 
measures of body composition. Wewege et al., (2017) meta-analysed the effect of 
five HIT interventions (any interval duration ≤4 minutes, intensity ≥85% HRmax) on 
waist circumference in overweight and obese adults. Both HIT and MICT elicited 
similar reductions in waist circumference (-3cm for both groups, no statistically 
significant difference between groups). Similarly the most recent meta-analysis 
examined the effect of HIT in comparison with MICT on total body fat in any population 
including athletic, healthy and inactive, and clinical populations from all age groups 
(36 studies) (Viana et al., 2019). Both HIT and MICT resulted in significant (p≤0.01) 
and similar improvements in total body fat percentage (HIT: −1.5%; 95% CI −2.1 to 
−0.9 and MICT: −1.4%; 95% CI −2.0 to −0.9). Although these findings are useful, the 
inclusion of studies with both trained and untrained participants in the analysis is 
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questionable given the effect that training is thought to have on fat metabolism during 
exercise (Hurley et al., 1986). In the trained state, greater utilisation of free-fatty acids 
at higher exercise intensities is thought to be driven by increased lipolysis of muscle 
triglycerides compared with the untrained state (Martin et al., 1993) which could 
impact on the chronic effects of high-intensity exercise on body composition. 
Notwithstanding this, between-study comparisons are problematic given the range of 
assessment techniques and reporting methods used across the meta-analyses and 
primary trials, although waist circumference is a commonly used measure of 
abdominal adiposity in real-world HIT trial (Table 3).  
 
As demonstrated in Table 6, real-world HIT trials resulted in reductions in waist 
circumference ranging from -1.3 to -3.5cm, but the only statistically significant change 
from baseline was observed by Reljic et al., (2018) (-2.1cm). The reductions in waist 
circumference following HIT appear to be similar to the reductions in the MICT groups 
which ranged from -1.3 to -3.6 cm (Table 6). As previously discussed, participants in 
one study (Roy et al., 2018) were recruited from a concurrent weight loss trial, so it is 
unknown if the adaptations are HIT induced. From the current evidence base it can 
be concluded that HIT can elicit similar or greater reductions in markers of abdominal 
adiposity to MICT, however the evidence from real-world HIT trials is preliminary and 
further studies are needed to confirm or refute the current findings.  
Table 6 Effect of real-world HIT interventions on waist circumference 
  Waist circumference 
Author, date Group Pre (cm, mean 
±SD) 






Reljic et al., 
(2018) 
I1: LV-HIT 82.3 ±10.5 80.2 ±9.2 -2.1* -2.5 
I2: AIT 83.1 ±14.9 81.8 ±13.6 -1.3 -1.6 
MICT 90.4 ±19.5 89.1 ±20.6 -1.3 -1.4 
Lunt et al., 
(2014) 
I1: AIT 103.5 ±10.4 100.0 ±9.9 -3.5 -3.4 
I2: SIT 100.4 ±11.7 98.6 ±12.5 -1.8 -1.8 
MICT  105.9 ±11.2 102.3 ±10.7 -3.6 -3.4 
Roy et al., 
(2018) 
HIT 101.3 ±13.1 98.2 ±12.2 -3.1 -3.1 
MICT 101.6 ±12.0 98.6 ±12.1 -3.0 -3.0 
Key: I= intervention group, LV-HIT= low volume high-intensity interval training, HIT= high-
intensity interval training, MICT= moderate intensity continuous training, SIT= sprint interval 
training, AIT= aerobic interval training *= significant difference pre- post at p=0.05. 
 
2.4.4 Effects of HIT on psychological outcomes 
As health is defined as not merely the absence of disease, but complete physical, 
mental and social wellbeing (World Health Organization, 2017) it is pertinent to 
consider the effect of HIT on both physical and mental health outcomes. Despite the 
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accumulating body of evidence demonstrating the efficacy of HIT to improve physical 
fitness and cardiometabolic health and the inclusion of HIT in public health physical 
activity guidelines (2018 Physical Activity Guidelines Advisory Committee, 2018; 
Department of Health and Social Care, 2019), the promotion of HIT for public health 
improvement remains a contentious topic (Biddle & Batterham, 2015; Hardcastle et 
al., 2014).  In a seminal debate paper (Biddle & Batterham, 2015) the opponent of 
HIT, Professor Biddle, questioned the potential effectiveness of HIT outside the 
laboratory, based on the foundation that HIT would elicit negative affective responses, 
which would lead to poor adoption, maintenance and adherence to HIT protocols 
(Biddle & Batterham 2015). This assertion was based on Dual Mode Theory of 
affective responses to exercise which finds that affective responses during exercise 
become more negative as the intensity of exercise approaches an individual’s 
functional limits (Ekkekakis, 2003). These assertions are based on data from 
continuous vigorous intensity exercise (Acevedo et al., 1994; Hardy & Rejeski, 1989; 
Parfitt et al., 1996; Parfitt et al., 1994) and, as Professor Batterham refuted, was 
prematurely generalised to HIT. Indeed, Jung et al., (2014) randomised 44 inactive 
participants (n=16 men, mean age men 31 ±13 years and women 36 ±17 years) to 
the order they would complete single sessions of a.) low-volume HIT (10x 60s at 
∼100% Wpeak and 60 second rest), b.) MICT (40 minutes at ∼40% Wpeak) and c.) 
continuous vigorous intensity exercise (20 minutes at ∼80% Wpeak). All exercise was 
conducted in the laboratory on cycle ergometers and affective responses were 
measured before, during and after each session and enjoyment after each session. 
Affect immediately post-exercise was significantly (p<0.01) less positive in the HIT 
and continuous vigorous intensity condition compared to the MICT (mean affect 
scores (±SD) were 1.1 arbitrary units (AU) (±2.5), 0.6 AU (±2.5), and 2.7 AU (±1.6) 
for HIT, continuous vigorous, and MICT conditions, respectively). Although affect 
improved 20 minutes following all of the conditions, a significant difference remained 
between the continuous vigorous and MICT (p = 0.01). While there was no significant 
difference between the HIT and MICT at 20-minutes post-exercise (p = 0.11), twenty 
minutes post-exercise mean affect scores (±SD) were 3.6 AU (±0.2), 3.3 AU (±0.2) 
and 2.8 AU (±0.3) for HIT, MICT, and continuous vigorous intensity exercise 
conditions, respectively. Therefore, although participants may have experienced 
more negative affect immediately following HIT and continuous vigorous intensity 
exercise than MICT, affect was similar in HIT and MICT 20 minutes post-exercise. 
These preliminary findings suggest that affective responses to continuous vigorous 
intensity exercise are different from, and should not be generalised to, HIT. 
Furthermore, mean (±SD) enjoyment scores for the HIT condition (80±5 AU out of a 
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possible 126) were significantly higher than continuous vigorous intensity exercise 
(70 ±6 AU, p=0.01) (Jung et al., 2014). The mean enjoyment score following the HIT 
condition (75 ±3 AU) was not statistically different (p=0.08) to the MICT enjoyment 
score. 
 
These initial findings challenge the assertion that HIT elicits aversive psychological 
responses, compared with exercise at lower intensity (Biddle & Batterham, 2015) and 
there is now a growing body of evidence demonstrating that HIT may elicit positive 
psychological responses. A scoping review identified 42 studies examining the effects 
of HIT on psychological outcomes in a range of populations (e.g., healthy, clinical, 
active and inactive) (Stork et al., 2017). A qualitative synthesis reported that while 
affect was generally more negative during exercise, post-exercise affect improved 
such that there were no significant differences between post-exercise affect in HIT 
and MICT (Stork et al., 2017). Collectively enjoyment was reported to be similar or 
greater between HIT protocols and continuous moderate or vigorous intensity 
protocols (Stork et al., 2017). Although this review concluded that positive 
psychological responses to HIT are possible, the majority of studies included in the 
review were conducted in laboratory settings, using cycle ergometers and therefore 
the acute affective responses to HIT conducted outside the laboratory using novel 
HIT modes remain to be explored.  
 
2.4.4.1 Effects of HIT: wellbeing 
As previously discussed, a broad array of assessment tools are available to evaluate 
various mental health facets (Mental Health Partnerships, 2013). ‘Wellbeing’ is an 
umbrella term which includes a range of psychological states such as positive 
emotion (e.g. feelings of happiness), psychological resources of self-esteem and 
mastery, and resilience which is the capacity to cope with adversity (Tennant et al., 
2007). As wellbeing appears to include a broad range of mental health facets it may 
provide an indication of an individual’s overall mental health (Tennant et al., 2007). 
However, a recent scoping review aiming to identify all studies examining 
psychological responses to HIT did not identify any training studies including 
wellbeing as a distinct outcome measure (Stork et al., 2017) and therefore the chronic 
effect of HIT on wellbeing is unknown. As there is evidence to suggest that HIT can 
acutely improve positive mood state post-exercise (Stork et al., 2017), it seems 
plausible to suggest that consistent improvements in acute mood could chronically 
impact on perceptions of wellbeing. Although this hypothesis is conjecture at this time, 
given that no studies have examined the effect of HIT on wellbeing in adults. There 
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is, however, preliminary evidence to suggest that HIT could result in small 
improvements in mental wellbeing in adolescents (effect size: 0.34) (Costigan et al., 
2016).  
 
2.4.4.2 Effects of HIT: health-related quality of life 
Health-related quality of life (HR-QoL) is a multi-dimensional construct relating to the 
impact of health status on quality of life and includes domains of physical, mental, 
emotional and social functioning (Karimi & Brazier, 2016). HR-QoL is often used as 
an outcome measure to evaluate the patient perceived impact of disease states or 
treatment effects in clinical research studies (Karimi & Brazier, 2016). There is 
epidemiological evidence to suggest that higher habitual physical activity is 
associated with better HR-QoL (Anokye et al., 2012). Furthermore, although meta-
analyses have demonstrated that HIT can result in improvements in HR-QoL in 
various clinical populations (Beauchamp et al., 2010; Gomes Neto et al., 2018; 
Jaureguizar et al., 2016), these findings may not be generalisable to non-clinical 
populations. The effect of HIT on HR-QoL in non-clinical populations is less well 
studied. 
 
Lunt et al., (2014) assessed three domains of HR-QoL using the Medical Outcomes 
Study 36-Item Short Form Health Survey (SF-36) (Ware & Sherbourne, 1992; Ware 
et al., 2002) in 49 overweight and inactive but otherwise healthy adults following three, 
12 week outdoor community based programmes of either SIT, AIT or MICT (Table 3). 
Post-intervention, compared with MICT, participants in the SIT group improved 
perceptions of physical (3.6 AU; 95% CI -5.9 to 13.0) and mental health (2.3 AU; 95% 
CI -4.8 to 9.4). The AIT group did not improve perceptions of mental health (-0.8 AU; 
95% CI -7.9 to 6.3) compared to MICT, but improvements in both perceptions of 
physical health (4.9 AU; 95%CI -4.5 to 14.3) and bodily pain (4.1 AU; 95% CI -11.6 
to 19.5) were observed. However, bodily pain increased in the SIT group which was 
indicated by a reduction in the score (-8.9 AU; 95%CI -24.3 to 6.5). Although these 
changes did not reach statistical significance, a change of 3 to 5 points on HR-QoL 
scales has been established as the threshold for clinical meaningfulness (Samsa et 
al., 1999). Therefore the improvements in perceptions of physical health in both the 
SIT and AIT groups, and the increase in bodily pain in the SIT group could represent 
a meaningful change in HR-QoL for the participants, and therefore warrants further 
investigation. In summary, although there is evidence to suggest that HIT can 
positively impact on HR-QoL in clinical populations, further work is needed to 
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establish the effect of HIT on HR-QoL in non-clinical populations especially in real-
world settings.  
 
2.4.4.3 Effects of HIT: perceived stress 
The effect of HIT on perceived stress has begun to be examined in a limited number 
of studies. In a non-controlled trial, 30 inactive participants with high stress levels 
(defined by the authors as a perceived stress scale (Cohen et al., 1995) score of ≥14/ 
40) completed four weeks of thrice weekly trampoline based HIT (Bhosle et al., 2018). 
This criterion for “high stress” is questionable given that the authors cite a reference 
defining “high stress” levels as a PSS score of ≥20, (Peluso & Guerra de Andrade, 
2005) it is unclear why a criterion of ≥14 was selected. Nevertheless, the HIT protocol 
involved trampoline jumping for 1-2 minute high-intensity bouts interspersed with 1-2 
minutes of rest; no further details regarding the number of high-intensity bouts was 
provided. Although a 58% reduction in perceived stress was observed post-
intervention (-11 AU, variability of change not reported) (Bhosle et al., 2018) exercise 
intensity was not monitored and therefore it is unclear if the exercise prescription can 
be classified as HIT. Furthermore a lack of control group limits the confidence with 
which conclusions can be drawn given the significant biases that can arise with 
uncontrolled designs and therefore it cannot be known without a control group if 
adaptations would have occurred without the presence of an intervention (Hariton & 
Locascio, 2018). In a previously described community gym based HIT intervention 
(Table 3) Reljic et al., (2018) observed a 1.5% reduction (-0.6 AU) in perceived stress 
scores in the low-volume HIT group, whereas there was a 1% (+1.4 AU) and 11% 
(+4.3 AU) increase in perceived stress scores in the AIT and MICT groups, 
respectively, assessed using the Perceived Stress Questionnaire (Fliege et al., 2005). 
Although the changes in perceived stress scores in the aforementioned studies 
(Bhosle et al., 2018; Reljic et al., 2018) did not reach statistical significance, the 
authors also did not comment on the clinical significance of the findings. The current 
evidence base exploring the effect of HIT on stress is preliminary at best and further 
controlled trials, with adequate exercise intensity monitoring are needed.  
 
2.5 Workplace HIT interventions 
To date, two published studies have examined the effects of HIT delivered in the 
workplace (Allison et al., 2017; Shepherd et al., 2015). Shepherd et al., (2015) 
examined the effects of 10 weeks of thrice weekly cycle ergometer HIT consisting of 
≤25 minutes of repeated 15-60 sec high-intensity bouts, at ≥90% maximal heart rate 
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(HRmax) and MICT (30-45 mins, at ~70% HRmax, 5 sessions per week) in 99 healthy 
and inactive employees in an English university gym setting (56 males, mean age: 42 
±11 years). Post-intervention VO2max increased by 2.8 mL·kg-1·min-1 (95% CI: 2.0 to 
3.6) and 2.4 mL·kg-1·min-1 (95% CI: 1.7 to 3.3), in HIT and MICT groups, respectivley 
(equivalent to a 9% and 8% increase in VO2max, respectivley) (Shepherd et al., 2015). 
Both HIT and MICT resulted in improvements in other cardiometabolic risk factors 
including cholesterol (HIT: -0.3 mmol.L-1, 95% CI; -0.7 to -0.1, MICT: -0.4 mmol.L-1, 
95% CI; -0.7 to -0.1), HDL-C (HIT: 0.04  mmol.L-1, 95% CI; 0.06 to 0.16, MICT: 0.14 
mmol.L-1 95% CI; 0.03 to 0.25), triglycerides (HIT: -0.13 mmol.L-1, 95% CI; -0.25 to -
0.01, MICT: -0.05, 95% CI; -0.17 to 0.08) and fat mass (HIT: -0.8 kg, 95%CI: -1.5 to 
-0.1, MICT: -1.0 kg 95% CI: -1.7 to -0.3) (Shepherd et al., 2015). There were no 
significant differences between the changes in the aformentioned outcomes between 
the HIT and MICT groups, despite a substantially lower exercise time commitment in 
the HIT compared with MICT group (~75 mins.week-1 vs. 150-225 mins.week-1, 
respectivley) (Shepherd et al., 2015). Exercise intensity was quantified using heart 
rate monitors, and mean peak heart rate over the intervention corresponded to 91 ±6 
%HRmax, indicating that the exercise elicited a high-intensity response (Weston et al., 
2014a) . However as previously described, reporting mean and standard deviation of 
the peak heart rates across exercise sessions as the only quantification of exercise 
intensity could overestimate true intervention fidelity (Dumas, 2001). Shepherd et al., 
(2015) also assessed mood using the Positive and Negative Affect Scale (PANAS) 
(Watson et al., 1988) (Watson et al., 1988). Positive affect scores increased by a 
similar magnitude in both groups (HIT: 0.48 AU, MICT: 0.47AU, measure of variability 
not reported) and negative affect scores reduced by a similar magnitude (HIT: -
0.13AU, MICT: -0.12AU measure of variability not reported) in both groups, post-
intervention. Although encouraging, it is unclear if the magnitude of such changes in 
positive and negative affect are likely to be clinically meaningful. Lastly, Shepherd et 
al., (2015) used one item from the SF-36 (Ware & Sherbourne, 1992) to assess one 
of the eight domains of HR-QoL (perceptions of general health). Perceptions of 
general health improved by 16% and 12% in the HIT and MICT groups, respectively, 
with no statistically significant difference between groups. However this result should 
be interpreted with caution given the questionable validity of selecting a single 
measure from a validated questionnaire, as this is not specifically recommended by 
the questionnaire developers (Ware et al., 2002). Although these findings are 
encouraging, a lack of no-exercise control group further limits the confidence with 




A process evaluation was also conducted as part of the evaluation of the workplace 
HIT trial conducted by Shepherd et al., (2015). Here the participant experiences of 
the intervention were explored in focus groups with 12 of the 46 HIT group participants 
(Kinnafick et al., 2018). Although the findings of this process evaluation will be 
discussed in more detail in the subsequent chapters of this thesis, briefly the 
participants reported that HIT was perceived as novel and interesting and they were 
attracted to the reduced time commitment associated with the HIT intervention 
compared with MICT (Kinnafick et al., 2018). Although these findings indicate that 
HIT may be perceived as an acceptable and feasible form of workplace-based 
exercise, the participants included in the focus groups all adhered to the prescribed 
protocol (≥80% session attendance), so the findings may have been different in those 
with lower session attendance.  
 
The most recently published workplace HIT intervention was a non-controlled trial 
examining the effect of two stair climbing HIT protocols (3x 20 second and 3x 60 
second high-intensity bouts with 2 mins of rest) conducted thrice weekly for 6 weeks, 
in 31 healthy but inactive women from a Canadian university (Allison et al., 2017). 
Post-intervention, VO2max increased by 3.5 mL·kg-1·min-1 and 2.1 mL·kg-1·min-1, in the 
3x 20 second and 3x 60 second groups respectively (measure of variability not 
reported). Although other cardiometabolic health variables were assessed (blood 
pressure, fasting blood glucose and measures of body composition), no significant 
changes from baseline were observed. However this lack of effect may have been 
because the cardiometabolic health variables were not outside of normal parameters 
at baseline.  
 
High session attendance in both studies (83% Shepherd et al., 2015; 99% Allison et 
al., 2017) provides an indication that HIT could be a feasible and acceptible form of 
exercise within the workplace. Although it has been suggested that HIT is “unlikely to 
be taken up by the majority of the sedentary population” (Hardcastle et al., 2014, p1), 
given that both workplace HIT trials to date specifically recruited inactive participants, 
this suggests that HIT could be perceived as feasible and acceptible in physically 
inactive individuals. 
 
Nevertheless, there are several limitations associated with the current workplace HIT 
evidence base. As previously described the psychological responses to this novel 
form of exercise are often the focus of debate (Biddle & Batterham, 2015; Jung et al., 
2016; Stork et al., 2017) and assessment of psychological wellbeing variables in 
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workplace HIT trials to date is limited, with only one trial examining changes in affect 
and one facet of HR-QoL (Shepherd et al., 2015). There is a clear need to consider 
a more holistic view of health, with the inclusion of a wider range of psychological 
health variables, alongside physical fitness and cardiometabolic health variables. 
Both of the workplace HIT trials published to date have been conducted within a 
university workplace, which is perhaps unsuprising given the potential ease of access 
academics may have for the recruitment of university employees. This could limit the 
external validity of the current workplace HIT evidence base, because university 
environments may not be representative of a wider range of working environments. 
A lack of no-exercise control groups limits the confidence with which conclusions can 
be drawn due to the substantial biases that may arise from non-controlled study 
designs, including confounding and regression to the mean (Hariton & Locascio, 
2018). Although the sample size recruited by Shepherd et al., (2015) (n=99) is larger 
than the sample recruited by Allison et al., (2017) (n=31), both are relatively small 
samples which could lead to overestimation of effect sizes and low reproducibility 
of findings (Button et al., 2013). Given the cost and space requirements associated 
with cycle ergometers the use of this exercise mode by Shepherd et al., (2015) 
reduces the scalability and external validity of the trial. Although stair climbing is 
arguably more accessible than cycle ergometers, some organisations may not be 
located in large tower blocks or have sufficient access to stair cases to permit exercise 
to be conducted without disrupting the working environment. It is therefore important 
to assess the requirements and facilities available within participating organisations 
during intervention planning. Lastly, both workplace HIT trials published to date have 
utilised only a single exercise modality across the intervention. As ‘variety’ has been 
identified as a key facilitator to exercise intervention adherence (Morgan et al., 2016), 
the use of a single exercise modality within a HIT trial may not facilitate adherence or 
compliance in some individuals. Potential participants could be consulted during 
intervention development to establish acceptible and feasible exercise modalities 
(Bauman & Nutbeam, 2013). 
 
2.6 Clinical versus statistical significance 
In the majority of literature presented throughout this literature review, the 
interpretation of findings are underpinned by the concept of “statistical significance”, 
typically assessed with an index called the p-value. In null hypothesis significance 
testing, a research hypothesis (e.g. variable A influences variable B) and a null 
hypothesis (e.g. variable A does not influence variable B) are stated and the 
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probability of the latter being true is tested (Winter et al., 2014). The smaller the p-
value, the greater the statistical incompatibility of the data with the null hypothesis 
which can be interpreted as providing evidence against the null hypothesis. Typically, 
the threshold for a “statistically significant” p-value is less than or equal to 0.05. The 
American Statistical Society has advised against the use of this arbitrary threshold as 
the sole basis for the declaration of scientific findings (Wasserstein & Lazar, 2016). 
This is based on the foundation that p-values are typically impacted by sample size 
and that smaller p-values do not necessarily imply the presence of larger or more 
important effects, and conversley larger p-values do not imply a lack of effect 
(Wasserstein & Lazar, 2016).  Indeed, “statistically significant” findings could have 
little practical or clinical relevance and similarly findings that are declared “not 
statistically significant” could be practically or clinically meaningful (Winter et al., 
2014).  
 
For these reasons, alternative statistical methods to evaluate the effects of 
interventions have been proposed. Cohen (1988) proposed that effects sizes are 
derived, which expresses a difference between groups or change within groups as a 
fraction of the variability between participants which is usually the standard deviation. 
Effect sizes are then interpreted as follows; trivial <0.2, small 0.2- to 0.3, moderate 
0.4 to 0.8, and large >0.8 (Cohen, 1992). Alternatively, the uncertainty in the 
estimates can be expressed using confidence intervals and evaluated on the basis of 
the inclusion of zero (i.e. no effect) (Cumming & Finch, 2001). Although typically 95% 
confidence intervals are expressed, 90% confidence intervals have been 
recommended as a way of discouraging readers from interpreting the outcome as 
significant or non-significant at the 5% level (i.e. p≤0.05). A magnitude based 
inferences framework proposes that effects are evaluated based on where a 
confidence interval lies in relation to threshold values for a substantial effect or a 
minimal clinically important difference (MCID) (Hopkins et al., 2009). In controlled trial 
studies, the MCID is defined as the smallest difference in an outcome measure that 
must occur for the intervention to be considered effective (Winter et al., 2014). Many 
notable journals in the area of sport and exercise science now require the 
presentation of metrics such as effect sizes, confidence intervals and MCIDs and will 
not accept manuscripts where the outcomes are evaluated solely on the basis of 




2.7 Literature review summary 
Cardiovascular disease is a leading cause of mortality worldwide (Murray et al., 
2012). Low CRF (Lee et al., 2010), poor muscular fitness (Silventoinen et al., 2009), 
hypertension (Stanaway et al., 2018), dyslipidaemia (Miller, 2009), hyperglycaemia 
(Lupsa & Inzucchi, 2018) and abdominal obesity (Klein et al., 2007) are modifiable 
CVD risk factors. However a more holistic view of health encompasses both physical 
and mental health facets. Given that a number of CVD risk factors are notably poor 
in adult populations (Joseph et al., 2017) and it is estimated that one in four adults 
experience poor mental health within their lifetime (World Health Organization, 2001), 
interventions aiming to improve physical and mental health indicators are vital. 
Physical activity or exercise training can improve physical fitness (Garber et al., 2011; 
Lin et al., 2015), cardiometabolic (Swift et al., 2013) and mental health (Mason & 
Kearns, 2013; Schuch et al., 2018). Historically public health physical activity 
guidelines have promoted ≥150 minutes of moderate to vigorous intensity physical 
activity per week (Department of Health, 2011). However, HIT has recently been 
included in contemporary physical activity guidelines (2018 Physical Activity 
Guidelines Advisory Committee, 2018; Department of Health and Social Care, 2019). 
This is based on accumulating evidence demonstrating the efficacy of HIT to elicit 
improvements in physical fitness and cardiometabolic health. High-intensity interval 
training can elicit substantial improvements in VO2max (Weston et al., 2014b), with a 
lower time commitment than traditional moderate intensity exercise prescriptions. 
Furthermore, HIT can elicit improvements in markers of cardiometabolic health 
including blood pressure (Costa et al., 2018), blood glucose (Jelleyman et al., 2015) 
and abdominal adiposity (Wewege et al., 2017). Although in its infancy, there is 
evidence to suggest that HIT can elicit improvements in markers of mental health 
including HR-QoL (Shepherd et al., 2015) and perceived stress (Bhosle et al., 2018), 
though more work is needed to confirm these preliminary findings. Despite the 
demonstrated efficacy of HIT in laboratory-based settings, there is debate 
surrounding the potential effectiveness of HIT for public health improvement in 
settings outside of the laboratory (Biddle & Batterham, 2015; Hardcastle et al., 2014).  
Opponents of HIT express concerns relating to negative affective responses elicited 
by high-intensity exercise, and requirements for expensive equipment or extensive 
exercise knowledge which could lead to poor adoption and maintenance of the 
behaviour (Biddle & Batterham 2015).  However this standpoint has been challenged 
in light of accumulating evidence suggesting that HIT can elicit positive post-exercise 
affective responses (Stork et al., 2017) and a limited number of real-world HIT trials 
in settings outside the laboratory such as community gyms (Reljic et al., 2018), 
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community parks (Lunt et al., 2014) and home-based settings (Blackwell et al., 2017; 
Scott et al., 2019). Although the workplace has been identified as a priority setting for 
health promotion, the evidence examining the effects of workplace-based exercise 
training interventions on CRF specifically is dated (Conn et al., 2009). Despite this, 
the workplace has been used as a setting in which the effectiveness of HIT has begun 
to be explored (Shepherd et al., 2015; Allison et al., 2017). As such, the following 
chapter of this thesis presents a systematic review and meta-analysis examining the 




Chapter 3: Study One. Effects of workplace-based 
exercise interventions on cardiorespiratory fitness: a 
systematic review and meta-analysis of controlled trials  
 
A version of this chapter has been published in Sports Medicine (Burn et al., 2019), 
with minor amendments made to the version presented herein.  
3.1 Introduction 
Cardiorespiratory fitness (CRF) is strongly associated with cardiovascular disease 
(CVD) and all-cause mortality (Kodama et al., 2009) and is perhaps a stronger 
correlate than total physical activity (Lee et al., 2011), hypertension, diabetes mellitus, 
smoking and obesity (Lee et al., 2010). Recent analyses of population based 
longitudinal datasets have emphasised the importance of maintaining good CRF, 
such that a 1 mL·kg-1·min-1 increase in maximal oxygen consumption (VO2max) is 
associated with a 9% relative risk reduction in all-cause mortality (Laukkanen et al., 
2016). Nevertheless, it has also been reported that CRF levels have declined by 1.6% 
per decade internationally since 1967 (Lamoureux et al., 2019). Despite this, Lee et 
al. (2010) maintain that CRF is often overlooked as an outcome measure for 
intervention strategies aiming to promote or deliver physical activity and exercise 
training compared with other risk factors such as total physical activity and other 
cardiometabolic health outcomes.  
 
Evidence from randomised controlled trials (RCTs) suggests that exercise of at least 
moderate intensity can maintain or improve CRF (Lin et al., 2015). However, 
objectively measured compliance with public health physical activity guidelines in 
adults’ remains low (5 to 47%) (Colley et al., 2011; Marsaux et al., 2016; Troiano et 
al., 2008). As described in Chapter Two, the workplace has been identified as a 
priority setting for the implementation of health promotion interventions (National 
Institute for Health and Care Excellence, 2008), which could include the promotion of 
CRF through increased physical activity or exercise training. The relationship 
between CRF and important workplace outcomes has been explored, albeit cross-
sectionally in a limited number of studies. Although higher CRF has been associated 
with higher productivity (Pronk et al., 2004), subsequent studies have found no 
significant relationships between CRF and productivity or sickness absence 
(Bernaards et al., 2007) and sickness presenteeism (Christensen et al., 2015). 
Despite these conflicting outcomes, higher levels of CRF have been linked to higher 
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HR-QoL (Sloan et al., 2009) and lower risk of depressive symptoms (Sui et al., 2009), 
burnout and stress (Gerber et al., 2013) which may be important outcomes from an 
organisational perspective. 
 
Although previous systematic reviews support the use of workplace physical activity 
interventions to increase physical activity levels (Abraham & Graham-Rowe, 2009; 
Dishman et al., 1998; Dudgill et al., 2008; Proper et al., 2003; Reed et al., 2017; To 
et al., 2013), whether this consistently translates into improvements in CRF is unclear. 
The last meta-analysis examining the effects of workplace physical activity and 
exercise training interventions on CRF reported an increase of 3.5 mL·kg-1·min-1 in 
VO2max (Conn et al., 2009). Though encouraging, this finding must be treated with 
caution due to the inclusion of both controlled and non-controlled trials in their 
analysis. Due to a lack of a comparison group, non-controlled trials can be susceptible 
to confounding or regression to the mean (Higgins & Green, 2008). Moreover, very 
broad eligibility criteria led to the inclusion of various intervention designs, including 
those where increasing physical activity was the primary outcome (e.g. behaviour 
change interventions such as the provision of leaflets on the benefits of physical 
activity), those where the effect of exercise on a primary outcome was examined (e.g. 
where exercise is delivered in the workplace to impact on a health outcome) and 
those where physical activity or exercise was part of a multicomponent intervention.  
As these designs and subsequent intervention outcomes are distinctly different, it is 
questionable whether the effects of such different strategies should be grouped and 
meta-analysed together (Courneya, 2010). Finally, the meta-analysis by Conn et al. 
(2009) was conducted a decade ago, therefore new and relevant literature is likely to 
be available (Garner et al., 2016) and an update on the effect of workplace-based 
exercise interventions on CRF is needed. Accordingly, the aim of this study was to 
use random effects meta-analysis to quantify the effect of workplace-based exercise 
interventions consisting of at least moderate intensity exercise on CRF, and explore 
the modifying effects of study and participant characteristics.  
 
3.2 Methods 
This review was carried out in accordance with the ‘Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses’ (PRISMA) guidelines (Liberati et al., 2009). 
The review methodology was prospectively registered with PROSPERO (registration 
number: 42017057498).  
3.2.1 Eligibility criteria 
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This study sought to identify peer reviewed journal articles describing workplace 
exercise interventions; defined as interventions where exercise was both prescribed 
and delivered to employees at (or commencing from) their workplace. The inclusion 
criteria were as follows: 
A. Population: working adults (aged 16+ years). 
B. Intervention: interventions where exercise of at least moderate intensity 
(e.g. ≥64% of maximal heart rate (HRmax) or ≥43% VO2max, as defined by 
Garber et al., (2011)) was prescribed and delivered to employees in the 
workplace (e.g. group exercise classes held at the workplace) or commenced 
from the workplace (in the case of workplace walking interventions).  
C. Comparator: no-treatment control groups (e.g. usual activity), or non-active 
comparators (e.g. leaflets on the health benefits of physical activity). 
D. Outcome: CRF, measured by actual or predicted VO2max (mL·kg-1·min-1). 
E. Study design: randomised and non-randomised controlled trials. 
Exclusion criteria were as follows: 
F. Studies including patient groups, retirees or unemployed persons.  
G. General physical activity promotion or environmental change interventions 
where exercise was not specifically delivered in the workplace.  
H. Interventions designed solely to decrease sedentary behaviour.  
I. Multicomponent interventions (e.g. interventions with concurrent exercise 
and dietary components), unless one group received only the exercise 
intervention and data could be extracted for only this group.  
J. Articles not in English. 
K. Articles were excluded if each of the FITT components (frequency of 
exercise, target intensity, time spent and type of exercise) (Heyward, 2010) 
were not adequately described.   
 
3.2.2 Deviations from the pre-registered review protocol 
During the systematic review process, it was necessary to deviate from the protocol 
initially registered on PROSPERO on occasion. Justification for these deviations is 
provided herein. Following initial protocol registration, it became apparent that the 
facilities and funding to permit the translation of non-English language papers were 
not available. As such, ‘Articles not in English’ was added to the exclusion criteria 
(criteria J). Due to the substantial biases that can arise in uncontrolled study designs 
(Hariton & Locascio, 2018), only controlled trials were included in the review (reflected 
in criteria C and E), thus excluding single arm studies. During the early phases of the 
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review screening process, it became apparent that the term ‘physical activity’ and 
‘exercise’ are operationalised in very different ways across sport and exercise 
medicine literature. Accordingly, it was necessary to provide a clear definition of what 
exercise constituted for inclusion in the review (e.g. the definition from Garber et al., 
(2011) described in criteria B). Due to poor reporting of what workplace-based 
exercise interventions actually comprised, the exclusion criteria were updated such 
that articles where the interventions were not adequately described (e.g. the 
frequency of exercise sessions, target intensity, time spent performing exercise and 
type of exercise (Heyward, 2010)) would not be included in the review (criteria K). 
Upon initial protocol registration, the intention was to meta-analyse a range of 
physical fitness, cardiometabolic and mental health outcomes where possible. Due to 
an insufficient number of studies reporting each of the other outcomes and significant 
heterogeneity in the assessment methods used across different outcomes which 
precluded meta-analysis (Jackson & Turner, 2017), outcome variable selection was 
reduced to CRF only (criteria D). For transparency, Table 7 shows the range of other 
physical fitness and cardiometabolic health outcomes and the number of studies 
reporting each of these outcomes. Finally, although the protocol specified that risk of 
bias would be assessed, the specific assessment tool was not specified a priori 
(PEDro risk of bias tool (Maher et al., 2003)). 
Table 7 Workplace exercise interventions reporting other physical fitness and 
cardiometabolic health outcomes 
Outcome Number of studies 
reporting outcome 
Grip strength 3 
Blood pressure (automatic monitor) 5 
Blood pressure (mercury sphygmomanometer)  2 
Blood pressure (ambulatory monitoring) 2 
Body fat percentage (bioelectrical impedance) 3 
Body fat percentage (skin folds) 5 
Cholesterol (fasting) 3 
Cholesterol (non-fasting) 3 
LDL cholesterol (fasting) 3 
LDL cholesterol (non-fasting) 2 
HDL cholesterol (fasting) 3 
HDL cholesterol (non-fasting) 3 
Triglycerides 5 
Blood glucose  1 
 
 
3.2.3 Information Sources 
 
An electronic search of seven databases (MEDLINE, PubMed, PsycINFO, 
SPORTDiscus, CINAHL, EMBASE and Scopus) was conducted from the beginning 
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of coverage dates for each individual database (exact coverage detailed below) to 
3rd September 2018; MEDLINE (1966 to September 2018), PubMed (1997 to 
September 2018), PsycINFO (1597 to September 2018), SPORTDiscus (1892 to 
September 2018), CINAHL (1937 to September 2018), EMBASE (1947 to September 
2018) and Scopus (1970 to September 2018). 
 
3.2.4 Literature Search 
The complete search strategy is presented in Table 8 and the strategy was modified 
according to the indexing systems of each database. Reference lists of all included 
papers were hand searched for relevant papers by the thesis author.   
Table 8 Search Strategy 
Category Search terms 
1. Workplace terms TI ABS KEY (workplace OR worksite OR 
“work place” OR “work site” OR “working 
place” OR “work setting” OR “working 
environment” OR worker OR workforce OR 
employe* OR industr* OR corporate) 
2. Exercise terms TI ABS KEY (exercise OR “physical activity” 
OR fitness OR sport OR “aerobic training” 
OR “stair climbing” OR “stair use” OR 
“resistance training” OR “strength training” 
OR walk*) 
3. Intervention terms  TI ABS KEY (intervention OR program* OR 
evaluation OR trial OR randomi* OR 
promotion OR effect*) 
1 AND 2 AND 3 
 
3.2.5 Study Selection 
Search results were imported from individual databases to reference management 
software (Mendeley Desktop v1.17.10) and duplicates deleted. The details of each 
study (authors, date of publication, title, journal title, volume, issue, page numbers 
and reference type) were then imported into a spreadsheet. Search results were 
screened for relevance and all irrelevant articles were removed at this stage. Title and 
abstracts were retrieved and independently screened against inclusion criteria by the 
thesis author and a graduate student researcher. Full text articles were screened by 
inclusion and exclusion criteria by both researchers. In accordance with systematic 
review protocol guidance (Higgins & Green, 2008), the study selection process was 
completed independently by the thesis author and the graduate student researcher 
and any disputes were settled by a third researcher. As demonstrated in Figure 1, 
after evaluation of full texts there were 12 papers that met the inclusion criteria and 
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were included in the meta-analysis. Two studies were excluded during data 
extraction, one because insufficient data was presented in the paper to allow for 
inclusion, and no response was received from study authors upon request for further 




Figure 1 PRISMA diagram showing flow of studies through the review 
 
 
Key: Inclusion/ exclusion criteria:  
Inclusion: A. population: working adults (aged 16+ years), B. intervention: exercise of ≥moderate 
intensity is prescribed and delivered in the workplace. C. comparator: no intervention control 
groups, or non-active comparators. D. outcome: Cardiorespiratory fitness (actual or predicted 
VO2peak). E. study design: RCTs or controlled trials. Exclusion: F. Population: specific patient 
groups, disabled populations, retirees or unemployed. G. Physical activity promotion/ 
environmental change/ sedentary behaviour interventions when exercise was not specifically 
prescribed and delivered in the workplace. H. multi-component interventions (e.g. interventions 
with concurrent exercise and dietary components). I: Not in English J: All FITT (frequency, 
intensity, time and type of exercise) principles adequately reported. 
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3.2.6 Data extraction 
Data was extracted from all included studies using a specifically developed 
spreadsheet by the thesis author. Accuracy of all data extraction was confirmed via 
intra- and inter-individual reassessments of data extraction by the thesis author and 
a graduate student researcher. The researchers were not blinded to the authors or 
journals during data extraction. Details of the exercise intervention extracted included 
the exercise modality, session frequency, duration, intensity, intervention length and 
location. The age, sex, job role and sample sizes for intervention and control groups 
were also recorded. The primary outcome data taken and used in the analyses 
included the intervention effect (intervention minus control) on CRF as measured by 
relative VO2max (mL·kg-1·min-1). In the case where a study included two intervention 
groups and one control group, the outcome data from the two intervention groups 
were combined to create a single pair-wise comparison (Higgins & Green, 2008).  
 
3.2.7 Risk of bias assessment of individual studies 
Risk of bias was assessed using the PEDro scale (Maher et al., 2003) independently 
by the thesis author and a graduate student researcher. In case of disagreement, 
consensus was achieved by discussion and disputes settled by a third researcher. 
Items in the PEDro scale include; specified eligibility criteria (external validity); 
demonstrated random allocation; allocation concealment; similar groups at baseline, 
blinding of participants, facilitators and assessors; follow up of ≥85% of participants; 
intervention received as intended or intention to treat analysis and reporting of 
between-group statistical comparisons, point measures and measure of variability. 
The maximum score for the PEDro scale is 10 points (low scores indicate higher risk 
of bias), because item 1 (specified eligibility criteria) is not included in the calculation 
of the total score.  
 
A range of tools are available for the assessment of risk of bias (Higgins & Green, 
2008). In the present study, the PEDro scale was selected with the intention of 
using the score as a moderator variable in the meta-regression. This was based on 
recent work demonstrating a relationship between group mean and risk of bias 
assessed using the PEDro scale (Franklin et al., 2018). The Cochrane 
Collaborations tool for risk of bias is another commonly used risk of bias 
assessment tool, however this tool does not provide a score and therefore the 
exploration of the relationship between risk of bias and treatment effect would not 




3.2.8 Small study bias 
Small study bias was assessed using visual inspection of the funnel plot and Egger’s 
test to evaluate asymmetry (Egger et al., 1997).  
 
3.2.9 Data synthesis  
A random effects meta-analysis was conducted using the Comprehensive Meta-
analysis Software Package, Version 3 for Windows (Biostat Company, Englewood, 
NJ, USA). The primary outcome was the intervention effect (intervention minus 
control) on mean outcome measures. Confidence intervals (CI), between study 
variation (tau) and prediction intervals were calculated.  
 
3.2.10 Outcome statistics 
Uncertainty in the estimates of effects on VO2max was expressed as 90% CI and in 
relation to a threshold value for clinical relevance. The smallest clinically relevant 
effect on VO2max was taken from recent epidemiological evidence suggesting that a 1 
mL·kg-1·min-1 increase in VO2max is associated with a 9% relative risk reduction in all-
cause mortality (Laukkanen et al., 2016). This criterion was applied post initial 
protocol registration. Between study heterogeneity was indicated by tau-squared 
which is the recommended statistic for quantifying heterogeneity in meta-analyses, 
and preferred to the relative index of heterogeneity known as ‘I-squared’ (Rucker et 
al., 2008). 
 
Meta-regressions were conducted to explore the influence of putative moderator 
variables on the intervention effect. Study (intervention length and PEDro risk of bias 
score) and participant characteristics (age, baseline VO2max and sex) were selected 
given that they could reasonably influence the overall effect of exercise on VO2max. To 
explore the effect of intervention characteristics on heterogeneity of the effect, a 
single intervention characteristic was selected (intervention length). Intervention 
length was selected in place of other intervention characteristics such as exercise 
intensity, mode or frequency due to the multicollinearity that may exist between these 
variables and the heterogeneity in the way other variables were reported across the 
studies, both of which may violate the assumptions of meta-regression (Jackson and 
Turner, 2017).  
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The modifying effects of these five variables were calculated as the effect of two 
standard deviations (SD) (i.e. the difference between a typically low and a typically 
high value) (Hopkins et al., 2009). Meta-regression was performed only when there 
were ≥10 data sets (Higgins & Green, 2008). A 95% prediction interval (IntHout et al., 
2016) was derived which provides a plausible range for the expected pooled mean 
effect (intervention minus control) on VO2max in a future workplace exercise 
intervention conducted in similar settings.  
3.3 Results  
3.3.1 Study and participant characteristics 
The final dataset for changes in VO2max consisted of 25 estimates from 12 studies. 
Study and participant characteristics from the eligible studies are shown in Table 10. 
VO2max estimates from a total of 733 participants were included in the meta-analysis. 
Participants in the individual studies were aged 25 to 67 years (mean: 41 years) and 
were from a range of both sedentary office based and manual labour intensive 
occupations including office workers (n=3), “insurance company workers” (n=2), 
“Westinghouse corporation workers” (n=1), “Ford Motor Company workers” (n=1), 
pharmaceutical company workers (n=1), construction workers (n=1), care workers 
(n=1), cleaners (n=1), and poultry processing workers (n=1). Studies were conducted 
in Denmark (n=4), United Kingdom (n=2), Sweden, (n=1), Norway (n=1), Netherlands 
(n=1), Turkey (n=1), Canada (n=1) and the United States of America (n=1). The 
length of interventions ranged from 8 to 52 weeks (median: 12 weeks). Four studies 
prescribed exercise twice per week; six studies prescribed exercise thrice weekly and 
two studies prescribed exercise five times per week. Exercise session length was 
variable and ranged from ~4 minutes to up to 60 minutes. The majority of exercise 
interventions involved aerobic exercise (n=8), however some studies prescribed 
resistance training (n=2) and multi-component exercise training (e.g. a combination 
of aerobic and resistance training in one intervention group) (n=2). 
 
3.3.2 Risk of bias assessment  
The risk of bias assessment of all included studies is presented in Table 9. The 





3.3.3 Effect of workplace exercise training interventions on VO2max   
Random effects meta-analysis demonstrated that when compared with controls, 
workplace exercise training interventions resulted in a beneficial improvement in 
VO2max (2.7 mL·kg-1·min-1; 90% CI 1.6 to 3.8 mL·kg-1·min-1; 733 participants; 12 
studies; Figure 2).  
 




Between-study heterogeneity (τ) was ±1.6 mL·kg-1·min-1 (90% CI 1.1 to 2.7 mL·kg-
1·min-1). The 95% prediction interval was -1.1 to 6.5 mL·kg-1·min-1. Egger’s coefficient 
was 1.51 (95% CI -1.40 to 4.41; p= 0.28). The non-significant Eggers test coupled 
with the balanced nature of the funnel plot presented in Figure 3, suggest there is no 
evidence of small study bias. 
  
Study name Statistics for each study Mean and 90% CI
Standard Lower Upper 
Mean error limit limit p-Value
Brown et al., 2014 -2.0 2.0 -5.2 1.3 0.3
Jay et al., 2001 -1.9 1.7 -4.7 0.9 0.3
Mulla et al., 2018 0.9 0.6 -0.1 1.9 0.1
Andersen et al., 2013 1.5 0.4 0.8 2.1 0.0
Korshøj et al., 2015 2.0 1.0 0.4 3.6 0.0
Kennedy et al., 2007 2.1 0.6 1.1 3.1 0.0
Sertel et al., 2016 3.1 0.6 2.2 4.1 0.0
Gram et al., 2012 3.6 1.1 1.8 5.4 0.0
Grønningsæter et al., 1992 4.0 1.2 2.1 6.0 0.0
Oden et al., 1989 5.2 1.0 3.6 6.8 0.0
von Thiele Schwarz et al., 20156.9 1.8 4.0 9.8 0.0
de Zeeuw et al., 2010 8.0 2.0 4.7 11.3 0.0
2.7 0.6 1.8 3.6 0.0
-12.00 -6.00 0.00 6.00 12.00
































































































































































































































































Brown et al., 
2014  
Y + + + - - - - - + + 5 
Jay et al., 
2011 
Y + + + - - + + + + + 8 
Mulla et al., 
2018 
Y + + + - - + + + + + 8 
Andersen et 
al., 2013 
Y + + + - - + + + + + 8 
Korshøj et 
al., 2015 
Y + + + - - + - + + + 7 
Kennedy et 
al., 2007 
Y + - + - - - + - - + 4 
Sertel et al., 
2016 
Y + - + - - - - - + + 4 
Gram et al., 
2012 
Y + + + - - - + + + + 7 
Grønningsæ
ter et al., 
1992 
Y + - - - - - + - + + 4 
Oden et al., 
1989 





N - - - - - - + - + + 3 
de Zeeuw et 
al., 2010 
Y + + + - - - + - + + 6 
 Tota
l/12 
11 7 10 0 0 4 8 5 11 12  
Key: Y= yes, N=no. += demonstrated evidence, - = no demonstrated evidence, ITT= 
intention to treat. Scores of ≥6 considered at low risk of bias, scores of <6 considered 
at high risk of bias.   
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Table 10 Study characteristics 
Author,  
date 
Design  Location Population, 
sample size 
(n), % 
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Key: CT: controlled trial, RCT: randomised controlled trial, y: years, I: intervention group, C: control group, HRmax: maximum heart rate, 
HRR: heart rate reserve, VO2max: maximal oxygen consumption, MVC: maximum voluntary contraction, 1RM: one repetition maximum, 
RPE: Rating of Perceived Exertion, *submaximal prediction of VO2max.
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Figure 3 Funnel Plot of standard error by mean 
 
 
Meta-regressions were undertaken with intervention length, PEDro risk of bias score, 
mean baseline VO2max, mean age and sex as selected predictors (Table 11). The 
relevant scatter plots with fitted meta-regression slopes are shown in Figures 4-8. 
Meta-regression analysis revealed an additional effect for typically longer 
interventions (3.2 mL·kg-1·min-1; 90% CI 1.3 to 5.1 mL·kg-1·min-1), and lesser effects 
for studies with a lower risk of bias (-2.5 mL·kg·min−1; 90% CI -4.0 to -1.0 mL·kg-1·min-
1), greater baseline VO2max (-1.6 mL·kg-1·min-1; 90% CI −3.6 to 0.4 mL·kg-1·min-1) and 
older participants (-1.4 mL·kg-1·min-1; 90% CI -3.2 to 0.3 mL·kg-1·min-1). Percentage 
female (sex) had an additive effect on VO2max (0.4 mL·kg-1·min-1; 90% CI -1.6 to 2.4 
mL·kg-1·min-1). 
Table 11 Meta-regression 
Model Coefficient (90% CI) τ2 R2 (%) I2 (%) p-
value 
Intervention length (weeks) 0.17 (1.3 to 5.1) 1.79 26 73 0.01 
PEDro risk of bias score -0.66 (-4.0 to -1.0) 1.74 28 78 0.01 
Baseline VO2max (mL·kg-1·min-1) -0.16 (-3.6 to 0.4) 2.49 0 78 0.18 
Age (years) -0.15 (-3.2 to 0.3) 2.42 14 74 0.16 
Sex (% Female) 0.01 (-1.6 to 2.4) 2.77 0 80 0.73 
  
  
















Funnel Plot of Standard Error by Mean
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Figure 4 Scatter plot of meta-regression of intervention length 
 
 





Figure 6 Scatter plot of meta-regression of baseline VO2max. 
 
Figure 7 Scatter plot of meta-regression of mean age.
 
Meta-regression of mean baseline VO2max
Mean baseline VO2max  
(mL·kg-·min-1)
































Figure 8 Scatter plot of meta-regression of sex (percentage female 
participants). 
 
3.4 Discussion  
This study presents a quantitative evaluation of the effects of workplace-based 
exercise interventions on CRF in healthy employees. Establishing the effectiveness 
of workplace-based exercise interventions on CRF is particularly timely in light of 
recent evidence suggesting that CRF levels have declined by 10.8% (-4.2 mL·kg-
1·min-1) in working populations in the last two decades (Ekblom-Bak et al., 2018). The 
results of the random effects meta-analysis showed that when compared to controls, 
workplace exercise interventions result in an improvement in VO2max of 2.7 mL·kg-
1·min-1. Given that a 1 mL·kg-1·min-1 increase in VO2max has been associated with a 
9% relative risk reduction in all-cause mortality (Laukkanen et al., 2016); the 
magnitude of improvements in VO2max induced by workplace-based exercise 
interventions may be clinically meaningful. The prediction interval, which describes a 
plausible range of mean treatment effects in a hypothetical future workplace exercise 
intervention in similar settings, ranged from a reduction in VO2max of -1.1 to an 
improvement of 6.5 mL·kg-1·min-1. It is possible that this range in plausible effects is 





The results of this meta-analysis are lower than those reported in a previous meta-
analysis (Conn et al., 2009) where an increase of 3.5 mL·kg-1·min-1 was found 
following more broadly defined workplace physical activity interventions (including the 
promotion of general physical activity). However their results should be interpreted 
with caution, due to the inclusion of non-controlled trials and a broad range of 
intervention formats in the meta-analysis.  
 
Despite observing a beneficial improvement in VO2max in this meta-analysis, there was 
also heterogeneity in the effect (τ = 1.6 mL·kg-1·min-1), indicating variation in the 
intervention effect between studies. To explore this variation further, meta-regression 
was conducted using intervention (intervention length and PEDro risk of bias score) 
and participant (age, sex and baseline VO2max) characteristics. Study characteristics 
(intervention length and PEDro risk of bias score) explained some of the 
heterogeneity of the effect (r2= 26% and 28%, respectively, Table 11). Although there 
was an additional improvement in VO2max for typically longer interventions, one study 
with a long intervention length and large intervention effect (Figure 4) was an outlier 
and may have impacted on the slope of the meta-regression. Therefore, this result 
should be interpreted with caution.  There was a lesser effect for studies with a low 
risk of bias. This result was not unexpected given that methodological characteristics 
of studies are thought to have a substantial impact on treatment effect estimates in 
meta-analysis (Verhagen et al., 2001). Given that the modifying effect of participant 
characteristics explained only a very limited proportion of the heterogeneity of the 
effect (r2 = 0% for baseline VO2max, 14% for age and 0% for sex), a conservative 
approach has been taken in the interpretation of this result. Given the data available 
from the studies included in this meta-analysis, it can be concluded that no single 
group (e.g. older or less fit individuals) can be definitively identified as standing to 
benefit more from workplace exercise interventions at this stage. Further work is 
needed to quantify the impact of participant characteristics on the effects of workplace 
exercise interventions on CRF.  
 
One other possible explanation for the heterogeneity in the effect could be the 
measurement error associated with the submaximal prediction of VO2max. All but two 
(Andersen et al., 2013; Oden et al., 1989) of the included studies used submaximal 
estimates of VO2max (either via step tests, submaximal cycle ergometer tests, or 
treadmill walking tests, Table 10). This is unsurprising given the limited feasibility of 
performing maximal oxygen consumption tests in the workplace. Alternatively, the 
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heterogeneity may be attributed to the range of exercise prescriptions used and/ or 
the extent to which the fidelity of the intervention was upheld (e.g. whether the 
intervention was implemented as intended across all participants (Dumas et al., 2001; 
Taylor et al., 2015)). However, these variables could not be included in a meta-
regression due to inconsistencies in reporting practices in the individual studies. 
Another possible explanation for the heterogeneity in the effect could be the various 
study designs used in the included studies (e.g. controlled trials vs. RCTs vs. cluster 
RCTs). In a cluster RCT, randomisation is likely to occur at the workplace rather than 
individual level, whereby one workplace would act as an intervention group and a 
separate workplace would act as the comparator. A cluster RCT design may avoid 
contamination in the control group, which can be an issue in exercise trials which 
arises when control participants modify their behaviour despite requests to maintain 
their usual activity pattern (Steins Bisschop et al., 2015). The issue of contamination 
was discussed by the authors of one of the studies included in this meta-analysis 
(Brown et al., 2014) who employed a traditional RCT design. Here, although 
participants were blinded to their group allocation at baseline, all were recruited from 
the same workplace and may therefore have established their group allocation 
through informal discussions with colleagues.  
 
As demonstrated in Table 10, a range of occupations were recruited in the included 
studies. Although five of the twelve included studies recruited desk-based employees, 
the remaining studies included a range of manual labour based workers such as 
construction workers and cleaners. This suggests that workplace-based exercise 
interventions could be implemented in a range of occupational environments. All of 
the studies included in this meta-analysis were from high or upper-middle income 
countries, with the majority of the included studies from European countries and the 
remaining from North America.  It is likely that the implementation of such 
programmes are highly context dependent (Craig et al., 2008) due to a variety of 
factors such as workplace cultural norms or climate. Therefore the generalisability of 
individual workplace-based exercise interventions to diverse geographical locations 
may be limited at this time.  
 
It is important to acknowledge that this study is not without limitations. It was initially 
intended to meta-analyse a broad range of physical fitness, cardiometabolic and 
mental health outcomes. However due to significant heterogeneity in outcome 
measures reported in individual studies and low numbers of studies reporting some 
outcomes, this was not possible. Given that such heterogeneity could violate the 
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assumptions of a meta-analysis (Jackson & Turner, 2017); a cautious approach was 
taken in outcome variable selection. A more comprehensive assessment of health, 
fitness and psychological variables in future intervention studies would assist further 
in evidence-based programming decisions. To be eligible for inclusion in this meta-
analysis exercise sessions had to be delivered, or at least begin, from the participants’ 
workplace (i.e. in the case of walking interventions). This led to the exclusion of 
studies where participants were recruited from their workplace, but exercise was 
conducted elsewhere. The decision was made to exclude such studies because one 
rationale for delivering exercise in the workplace is that there is potential to reduce 
commonly cited barriers to exercise participation, such as lack of time and access to 
facilities (Hunter et al., 2018).  If participants are required to travel to an external 
location to participate in ‘workplace’ exercise, it was deemed that this was no longer 
a workplace exercise intervention because this could result in further exacerbation of 
such barriers. Only interventions prescribing exercise of at least moderate intensity 
were included in this meta-analysis; which led to the exclusion of studies delivering 
exercise of lower intensities. There is evidence to suggest that exercise training of at 
least moderate intensity can elicit adaptations in various markers of physical fitness, 
including CRF (Lin et al., 2015). Therefore exercise prescriptions of less than 
moderate intensity may not be expected to have an impact on CRF in healthy 
populations.   
 
The use of the PEDro scale to assess the risk of bias in the included studies could 
also be considered a limitation of this review. The use of summary scales to assess 
risk of bias have previously been described as misleading because not all scale 
elements may be relevant in all contexts, but are still weighted equally (Armijo-Olivo 
et al., 2015). Nonetheless, the PEDro scale is a useful tool which permitted the 
exploration of the linear negative association between risk of bias and size of 
treatment effect, which has been conducted in a similar way in a previous meta-
analysis (Franklin et al., 2019).  
 
Given the limitations in the evidence base discussed above, several 
recommendations for future workplace-based exercise interventions will now be 
presented, which in turn could aid further systematic reviews and meta-analyses on 
the topic.  A cautious approach was taken in outcome variable selection due to 
significant heterogeneity in outcome assessment and reporting methods in the 
individual studies. Future intervention studies should consider the assessment of a 
wide range of physical fitness, cardiometabolic and mental health outcomes, with 
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consideration of pertinent outcomes for participating organisations. For this to be 
possible it has been suggested that stakeholders (in this case employees and senior 
management teams) are consulted during the design and implementation phases of 
such programmes wherever possible (Bauman & Nutbeam, 2013). This could be 
done in the form of a formative evaluation, which is a process thought to facilitate the 
development of acceptable and feasible interventions and in turn increase adherence 
and compliance (Bauman & Nutbeam, 2013). Furthermore, a detailed description of 
the exercise prescription (frequency, intensity, time and type) had to be presented for 
studies to be included in this review. Poor reporting of the exercise prescription 
resulted in the exclusion of a number of studies. This was possibly not surprising, 
given that inadequate reporting of intervention trials remains commonplace in the 
exercise literature (Taylor et al., 2015). As such, this meta-analysis supports calls for 
standardised reporting of exercise prescriptions and intervention fidelity or 
compliance quantification (Hurst et al., 2018b; Nielsen et al., 2019; Straight et al., 
2016; Taylor et al., 2015; Weston et al., 2014b). This should include the presentation 
of exercise training programming variables (e.g. frequency, intensity, time and type 
of exercise) as well as information about the extent to which the fidelity of the 
intervention was upheld. Adherence to reporting checklists such as the Template for 
Intervention Description and Replication (TIDieR) checklist (Hoffmann et al., 2014)  or 
Consensus on Exercise Reporting Template (CERT) guidelines (Slade et al., 2016) 
are also recommended. From a more practical standpoint thorough intervention 
reporting is particularly important when recruiting organisations to workplace-based 
exercise programmes. Senior management teams will require in depth information 
regarding the exercise prescription involved in a programme, before they can allow 
their employees to participate. Lastly, the average weekly exercise time commitment 
in the included studies was ~80 minutes. Given that “lack of time” has been reported 
as a barrier to workplace exercise participation (Hunter et al., 2018), more time 
efficient exercise prescriptions may be well received by organisations and employees 
alike. One such time efficient strategy is high-intensity interval training (HIT), however 
the acceptability and feasibility of prescribing and delivering this form of exercise in 
the workplace is understudied (Kinnafick et al., 2018).  
 
3.5 Conclusion 
This meta-analysis has demonstrated that exercise that is delivered in the workplace 
can result in improvements in VO2max of 2.7 mL·kg-1·min-1, when compared to controls. 
The prediction interval, which describes a plausible range of effects in a hypothetical 
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future workplace exercise intervention in similar settings ranged from a reduction in 
VO2max of -1.1 to an improvement of 6.5 mL·kg-1·min-1. The effect was moderated by 
PEDro risk of bias score and intervention length such that studies with higher risk of 
bias and longer intervention length demonstrated larger intervention effects. However 
the impact of intervention length should be interpreted with caution due to the 
presence of an outlier. At this time the modifying effects of age, sex and baseline 
fitness of participants are not definitive, and further work is needed to fully elucidate 
the impact of these characteristics.  Given the data available at the present time, no 
specific group of employees (e.g. older or less fit) can be definitively identified as 
standing to gain more or less from workplace exercise interventions aimed at 
improving CRF. Future research should explore the effect of workplace exercise on 
outcomes beyond simply CRF, whilst also ensuring that precise and in-depth 
reporting of the exercise prescription and implementation is provided. More time 
efficient exercise prescriptions may be well received by employees and organisations 
alike, however little is known regarding the acceptability and feasibility of delivering 
such interventions in the workplace. As such, the study presented in the following 
chapter aims to assess employee and management perceptions of these issues, via 
a formative evaluation of a proposed workplace HIT intervention.  
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Chapter 4: Study Two. A formative evaluation of a 
workplace-based high-intensity interval training 
intervention: the development of the Brief Exercise at Work 
(BE@Work) trial 
4.1 Introduction 
The meta-analysis presented in Chapter Three and the review of the workplace-
based physical activity and exercise literature presented in Chapter Two 
demonstrated that workplace-based exercise training interventions can elicit 
meaningful adaptations in CRF, markers of cardiometabolic health (Reed et al., 2017) 
and wellbeing (Abdin et al., 2018). Despite these findings, evidence from systematic 
reviews suggest that participation rates in workplace health promotion programmes 
vary widely from 10 to 64% (median: 33%) of eligible employees (Robroek et al., 
2009) and loss to follow-up has been reported to range from 4 to 40% (median: 27%) 
(Rongen et al., 2013). In an attempt to address low participation and high attrition 
rates during intervention implementation, the Medical Research Council 
recommended formative research with relevant stakeholders at the planning stage of 
a complex intervention (Craig et al., 2008).  
 
Formative evaluation can be defined as a form of primary research undertaken before 
an intervention is implemented to obtain detailed information about the people for 
whom, and the context in which interventions will be implemented (Gittelsohn et al., 
1999). Formative evaluation is distinct from process evaluation as the former occurs 
prior to intervention implementation, whereas process evaluations are a set of 
activities conducted after an intervention is implemented to assess the 
implementation process and further refine an intervention (Bauman & Nutbeam, 
2013).  Formative evaluation can facilitate an understanding of the circumstances, 
needs and assets of the target population, assess the types of solutions to barriers 
that the target population would support (Bauman & Nutbeam, 2013) and facilitate 
relationships between researchers and target populations (Gittelsohn et al., 1998; 
Gittelsohn et al., 1999; Kumanyika et al., 2003). These activities can facilitate the 
development of acceptable and feasible interventions which could promote 
recruitment, adherence and compliance (National Institute for Health and Care 




A range of methods can assist in the formative evaluation of prospective health 
promotion programmes (Bauman & Nutbeam, 2013).  Commonly utilised qualitative 
data collection methods include telephone interviews, semi-structured face-to-face 
interviews and focus group discussions; whereas surveys and questionnaires are 
commonly employed quantitative data collection methods in formative evaluations 
(Gittelsohn et al., 2006). Although surveys or questionnaires could permit the 
recruitment of a larger sample size (Langdridge & Hagger-Johnson, 2009), this may 
be at the expense of the depth of information collected (Bauman & Nutbeam, 2013). 
Furthermore, as part of the rationale for conducting formative evaluation is to build 
relationships with key stakeholders and potential intervention participants, face-to-
face focus groups or semi-structured interviews are considered a more appropriate 
data collection technique for this purpose (Bauman and Nutbeam, 2013). 
 
A range of data collection methods have previously been used to explore participant 
perspectives of workplace exercise. In focus groups conducted with 42 hospital-
based employees, participants expressed an interest in a range of workplace physical 
activity programmes including walking groups, team-based competitions, health and 
exercise classes and access to personal trainers (Phipps et al., 2010). Similarly, in a 
cross-sectional survey of 252 university employees, personal training and group 
exercise classes were selected as the preferred exercise modalities that could be 
included in a workplace exercise programme (Hunter et al., 2018). Although there are 
clearly similarities in the preferences expressed by participants in these two studies, 
the wide range of preferred modalities may indicate that a single standard exercise 
prescription would not be feasible and acceptable for all employees in a range of 
workplaces. While these studies demonstrate that workplace physical activity or 
exercise programmes may be viewed favourably by employees, they were not 
conducted to inform the development of a specific intervention; rather they were 
standalone studies and so the findings do not indicate how programmes could be 
tailored and implemented into workplace settings. In one-to-one interviews conducted 
as part of a process evaluation of a workplace resistance training programme, 
employees reported inflexible work conditions, high job demands and “feeling guilty 
for leaving the workplace to exercise” were barriers to participation (Bredahl et al., 
2015). With poor adherence to the two prescriptions of resistance training included in 
the intervention (18 to 39% session attendance), the authors concluded that prior 
investigation of these barriers during intervention development could have allowed 
consideration of such barriers, resulting in a more feasible and acceptable 
intervention (Bredahl et al., 2015). This finding further highlights the importance of 
107 
 
including key stakeholders and potential participants before an intervention is 
implemented.  
 
The aforementioned studies focused on employee opinions toward a range of 
physical activity and exercise prescriptions or promotion strategies, yet research into 
the acceptability of delivering HIT in the workplace is in its infancy. Only one study to 
date has investigated participant perceptions of a HIT intervention delivered in the 
workplace. Here, Kinnafick et al., (2018) conducted a process evaluation using focus 
group interviews with 12 participants following a workplace HIT intervention which 
has been described in detail in Chapter Two (section 2.5) (Shepherd et al., 2015). 
The time efficient nature of HIT was perceived positively by participants, and HIT was 
described as a novel exercise modality that initially attracted participants to the 
intervention. The proximity of the exercise facility to the workplace, and the availability 
of multiple exercise sessions across a week were discussed as facilitators for 
attendance (Kinnafick et al., 2018). Although preliminary, these findings indicate that 
HIT may be a viable training strategy that can be integrated into a workplace-based 
programme. However, the 12 participants included in the focus groups were all 
classified as ‘adherers’ to the intervention (i.e., attended ≥80% of HIT sessions), and 
so their views may not necessarily be representative of other intervention participants, 
particularly those who did not adhere to the intervention. Focus groups were 
conducted post-intervention and so stakeholder opinions were not considered during 
intervention development. As formative evaluation is an integral part of intervention 
development (Bauman & Nutbeam, 2013; Craig et al., 2008), it is critical to assess 
the acceptability and feasibility in the setting in which it will likely be implemented, 
with key stakeholders and potential participants alike, before the intervention is fully 
designed and implemented. The aim of this study is to explore the acceptability and 
feasibility of workplace-based HIT. The study objectives are to a.) use qualitative 
focus group and interview data to formatively evaluate a proposed workplace HIT trial 
(BE@Work) in workplaces in the Teesside area of North East England, and b.) to use 
the findings of the formative evaluation to further develop the BE@Work trial protocol.  
 
4.2 Method 
The reporting of this study adheres to the consolidated criteria for reporting qualitative 
research (COREQ) (Tong et al., 2007). Ethical approval was granted by the School 
of Health and Social Care Research Governance and Ethics Sub-committee from 
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Teesside University, study number 053/17. Participation in the study was voluntary 
and all participants provided written informed consent prior to data collection.  
4.2.1 Study Design 
This study utilised a qualitative study design where focus groups with employees and 
one-to-one interviews with management representatives were conducted. Following 
guidance on the reporting of qualitative research (Tong et al., 2007), brief details 
regarding the researchers involved in this project will be provided here, to provide 
insights into the perspectives they may bring to the work. The thesis author was the 
lead researcher and was a female postgraduate student with lived experience of HIT. 
The thesis author had 2 years of previous qualitative research methods experience, 
had received appropriate training in qualitative research methods and conducted all 
interviews and data analysis. A second male graduate research student, with 
expertise in the prescription and delivery of HIT, conducted peer-debriefing during 
theme development.  
4.2.2 Recruitment and participants 
The study was conducted in two of the five local authorities in the Tees Valley region 
of North East England (Redcar & Cleveland and Stockton-on-Tees). Data from the 
most recent health profiles from both regions indicate that overall health is poorer 
than the English average (Public Health England, 2017). For example, life expectancy 
is between 1.4 and 1.7 years lower for residents of these regions than the English 
average (Public Health England, 2017). Additionally, CVD mortality in both regions is 
considerably worse than the English average (85.1 and 94.5 per 100,000 deaths in 
Stockton-on-Tees and Redcar and Cleveland respectively, English average 73.5 per 
100,000 deaths) (Public Health England, 2017). In addition, the Index of Multiple 
Deprivation indicates that Redcar & Cleveland and Stockton-on-Tees are within the 
10-20% most deprived regions in England (Office of National Statistics, 2015). 
Furthermore, although the Health Survey for England found that 66% of men and 
58% of women met current physical activity guidelines in England overall, compliance 
was much lower in areas of high deprivation (NatCen Social Research, 2017). As 
residents of Redcar & Cleveland and Stockton-on-Tees have lower life expectancies, 
higher CVD mortality rates and are likely to participate in less physical activity than 
residents in other areas of England, the implementation of cardioprotective health 
promotion programmes in the Tees Valley region is vital. Furthermore, although it 
could not be known at the time of planning the present study exactly which 
organisations would participate in the proposed BE@Work trial, these areas were 
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targeted for recruitment because it was envisaged that the proposed intervention 
would be implemented in an organisation within this geographical area. 
 
The thesis author contacted Local Authority Health Leads within the Teesside area, 
with preliminary study information. The Local Authority Health Leads acted as 
gatekeepers and distributed this information to organisations they had established 
contacts with in the area. After initially expressing interest to the Local Authority 
Health Leads, Workplace Health Leads from interested organisations were sent 
information packs including participant information sheets (Appendices A and B) to 
be distributed to employees by their Workplace Health Leads.  
 
Participant inclusion criteria was any employee of the participating organisations aged 
over 18 years. Employees were defined as any paid member of staff from the 
organisations involved in the study. To understand all working conditions in the 
organisations involved, no restrictions were placed on length of employment or 
employment status (e.g. part time/ full time/ casual employment).  
It was also necessary to explore organisational perspectives of the proposed 
intervention, so management representatives were approached separately for 
recruitment. Management representatives were defined as any employee in a senior 
management position within the organisation. Employees and management 
representatives were separated for the purpose of data collection to prevent 
participants feeling unable to discuss their opinions in the presence of staff of differing 
levels of seniority.  
Exclusion criteria were inability to speak fluent English and inability to provide 
informed consent. Interested employees registered their interest over email and/or 
phone call with the thesis author.  A focus group or interview was then scheduled at 
the workplace of the participants during their normal work hours. Across six 
organisations from the Teesside area of North East England, 42 participants were 
recruited, using convenience sampling (Robinson, 2014). Organisation and 
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4.2.3 Procedure 
Data collection was conducted between June and November 2017. Participant 
characteristic information was collected prior to the focus group or interview. Eight 
focus groups were conducted with 38 employees, with 3 to 7 participants per focus 
group (see Table 12). The focus groups provided an opportunity to elicit opinions via 
group discussion rather than individual reflection. Focus groups were conducted by 
the thesis author and a second researcher was present as a secondary moderator for 
the first focus group, but it was not logistically possible to have a secondary moderator 
at the subsequent focus groups. Focus groups were between 34 to 64 minutes in 
length and were audio-recorded and transcribed verbatim. This resulted in 140 pages 
of focus group transcriptions (Arial, font size 12, 1.5 line spacing).  
Focus groups were proposed with management representatives but due to time 
commitments the organisations requested one-to-one interviews, where one member 
of the management team could speak on behalf of their organisation. A management 
representative from four of the organisations involved in the study participated in a 
one-to-one interview. Management representatives from the remaining two 
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organisations (study sites 2 and 4) did not respond to recruitment attempts. 
Management interviews were between 21 to 33 minutes in length and were audio-
recorded and transcribed verbatim. This resulted in 35 pages of interview 
transcriptions (Arial, font size 12, 1.5 line spacing). 
4.2.4 Instrument 
The focus group interviews explored the acceptability of HIT as an exercise modality 
conducted in the workplace and the feasibility of the proposed workplace HIT trial. 
The employee focus group schedule can be found in Appendix C. Management 
representative interviews focused on the organisational perspectives of the 
acceptability and feasibility of the proposed workplace HIT trial and the interview 
schedule can be found in Appendix D.   
Semi-structured focus group and interview schedules were developed and piloted on 
a group of employees from a university prior to data collection. Slight changes were 
made (the questions were reordered) to improve the flow of the focus group or 
interview. Due to limited time availability with senior management representatives, 
questions pertaining to the acceptability of HIT in the workplace were removed, so 
that management interviews could focus on the feasibility and logistics of the 
proposed programme. 
4.2.5 Definition of HIT 
Participants were provided with the following definition of HIT: 
“HIT is a type of exercise where you do bursts of exercise, always followed by 
a rest break, repeatedly. During the bursts of exercise, you work as hard as 
you can, and you always get a break afterwards. In the bursts of exercise your 
heart rate would increase, you would feel out of breath and you wouldn’t be 
able to speak in full sentences. By the end of each burst you would need a 
rest break to catch your breath and be able to speak in full sentences.  
HIT will look different in different people. For example, for some people 
“working as hard as they can” is walking as fast as possible, and for others it 
is running as fast as possible. Both people would be working at high-intensity, 
it is just that the intensity “looks” different depending on their fitness levels and 
ability.” 
This definition of HIT was developed with several considerations in mind. Firstly, the 
generally accepted definitions of HIT (Fox et al., 1973; Gillen & Gibala, 2014) were 
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used to describe the intermittent nature of the exercise. Secondly, the criterion for 
high-intensity exercise in HIT protocols is generally accepted as ≥85%HRmax (Weston 
et al., 2014a); therefore, it was explained to participants that their heart rate would 
substantially increase during the high-intensity bouts. The “talk test” is a subjective 
assessment of exercise intensity that has been used as a surrogate marker of high-
intensity exercise (Goode et al., 1998). It was explained to participants that they would 
be out of breath and unable to speak in full sentences by the end of each high-
intensity bout. The final paragraph of the HIT definition describes that the intensity of 
HIT is relative to the fitness of the participant and HIT can be enacted differently 
depending on an individuals fitness level (Biddle & Batterham, 2015). The definition 
of HIT was accompanied by Figure 9, demonstrating the HIT protocol that would likely 
be used in the BE@Work trial. This model constitutes four 60-second-high-intensity 
bouts interspersed with 60 seconds of rest. Including a 5-minute warm up and 2-
minute cool down this model takes 15 minutes to complete. The rationale for this HIT 
protocol will be described subsequently.  














4.2.6 The proposed BE@Work trial 
The proposed BE@Work trial described to participants was a HIT intervention where 
three 20 to 30 minute exercise sessions would be delivered in or close by to the 
workplace for a duration of 6 to 10 weeks, based on the length of previously published 
workplace HIT interventions shown to improve CRF (Allison et al., 2017; Shepherd et 
al., 2015).  
As previously described in Chapter Two, to date no “best practice” HIT protocol has 
been identified (Gibala et al., 2012). When designing HIT programmes, researchers 
could base their protocol selection on a multitude of factors (Buchheit & Laursen, 
2013a). Given that the purpose of this PhD programme was to implement a HIT trial 
into workplaces with a multitude of time constraints, the time efficiency of the protocol 
to be used was of paramount importance. When considering the future scalability of 
a workplace HIT intervention, it is likely that funding for exercise equipment would be 
limited, and therefore exercise modality choice was a limiting factor in this programme 
of work. With these constraints in mind, a commonly utilised HIT protocol is a Wingate 
style protocol which involves 4 to 6, 30 second bouts of supramaximal cycling 
(Burgomaster et al., 2005). Wingate style protocols are extremely demanding and 
require long rest periods, which increase the total exercise session length. 
Additionally, they may not be practical or tolerable in untrained populations (Gibala et 
al., 2012). Given that the exercise modalities (described subsequently) proposed for 
the present study could not be manipulated in the same manner as a cycle ergometer 
to elicit a supramaximal stimulus, a longer duration high-intensity bout may be 
required to elicit a high-intensity response (e.g. ≥85% of age predicted HRmax). Based 
on a low volume HIT protocol utilised by Little et al., (2010), the length of the high-
intensity bouts was set at 60 seconds, with 60 seconds of rest. The number of high-
intensity repetitions described in the HIT model in Figure 9 was based on a low-
volume HIT protocol that was successfully implemented into a school-based HIT 
intervention (Weston et al., 2016a). The high-intensity protocol was preceded by a 
standardised 5-minute warm-up and was followed by a 2-minute cool down. The total 
exercise session time for the proposed HIT protocol including warm-up, cool down 
and recovery periods was 13 minutes. 
 
Exercise modality examples provided to participants were walking, jogging, running, 
skipping, non-contact boxing (hence forth called boxing), stair stepping, stair climbing 
and dance. This exercise modality selection provided to participants in the present 
study was based on previous workplace exercise interventions in the case of walking, 
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jogging and running (Brown et al., 2014; Sertel et al., 2016), a previous multi-activity 
HIT programme in the case of boxing and dance (Weston et al., 2016a), a previous 
workplace HIT programme in the case of stair climbing (Allison et al., 2017) and a 
previous vigorous intensity workplace exercise programme in the case of stair 
stepping (Mair et al., 2016). Furthermore, exercise modalities were required to be 
scalable to various fitness levels and previous exercise participation, as well as 
requiring limited equipment. It was explained to participants that the modalities were 
examples and other modalities could be discussed.  
The purpose and format of a randomised controlled trial (RCT) was described to 
participants, and participants were informed that various health and fitness variables 
would be measured both before and after the intervention. The outcome variables 
described to participants were cardiorespiratory fitness, muscular fitness, waist 
circumference, blood pressure, blood lipids and glucose. The purpose of this was to 
evaluate the acceptability and feasibility of assessing these outcome variables in a 
workplace setting, and to ascertain if additional outcome variables were perceived as 
relevant to employees or organisations.  
4.2.7 Analysis 
Analysis followed Braun and Clarke’s (2006) six steps to thematic analysis, using the 
software package NVivo 10. This form of analysis has been used successfully in 
similar formative research undertaken during the development of a school-based HIT 
trial (Taylor, 2014). The first step in thematic analysis is familiarisation with the data 
which included both transcription and re-reading the transcripts by the thesis author. 
Secondly, transcripts were read line-by-line to generate initial codes. A deductive-
inductive approach was used in the analysis of the data. Deductive thematic analysis 
refers to an analytical approach that is driven by either a theoretical framework or by 
predefined areas of interest (Braun and Clarke, 2006). Because the aim of this study 
was to develop an understanding of the feasibility and acceptability of various 
BE@Work programme elements, a predefined coding framework was developed in 
the first instance and focused on important intervention elements as demonstrated in 
Table 13.  An inductive approach means that themes are developed from the data 
themselves, without the use of predefined analytical or theoretical frameworks (Braun 
and Clarke, 2006). The use of both inductive and deductive approaches allowed the 
logical organisation of large volumes of qualitative data in the first instance, followed 
by data-driven development of candidate themes. After codes were deductively 
organised, based on the pre-defined coding framework (Table 13), the third step of 
115 
 
searching for themes was conducted within these broad groupings. Codes were 
inductively clustered with similar codes into candidate themes. The thesis author 
discussed the coding process and rationale for the decisions with another researcher, 
providing confidence in the procedure (Smith & McGannon, 2018).  In the fourth step, 
the thesis author conducted an iterative process of reviewing and refining the themes 
to ensure coherence within and differences between the themes. The thesis author 
then presented the thematic map to a second researcher who asked the thesis author 
to justify the rationale, rigour and consistency of the analysis in a process known as 
peer-debriefing (Smith and McGannon, 2018). In the fifth step, the thesis author then 
conducted an iterative process of defining and naming each theme. The themes were 
then presented with illustrative quotes (Braun & Clarke, 2006). 
 
Table 13 Coding Framework 
Code Description 
Barriers  
Elements of participants working environment that are a 
barrier to an employee’s ability to participate in exercise 
in the workplace 
Facilitators 
Elements of participants working environment that 
facilitate an employee’s ability to participate in exercise 
in the workplace 
Intervention structure: Frequency  
Views and opinions on acceptability and feasibility of 
timing of frequency of exercise sessions in the 
workplace 
Intervention structure: Time 
 
Views and opinions on acceptability and feasibility of 
timing of exercise sessions in the workplace 
Intervention structure: Length of 
exercise sessions 
Views and opinions on acceptability and feasibility of 
length of exercise sessions in the workplace 
Intervention structure: Length of the 
intervention 
Views and opinions on an acceptable and feasible 
intervention length 
Intensity: before definition 
Views and opinions of HIT before definition of HIT was 
provided 
Intensity: after definition 
Views and opinions of HIT after definition of HIT 
provided 
Exercise modalities 
Views and opinions on acceptability and feasibility of 
different modalities of HIT in the workplace 
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Overall programme considerations: 
Group based vs. individual exercise 
Views and opinions on the acceptability and feasibility 
of group based exercise or individual exercise sessions 
in the workplace 
Overall programme considerations: 
Location of exercise 
Views and opinions on the feasible exercise locations 
within/ nearby to the workplace  
Overall programme considerations: 
Outcome measures 
Views and opinions on acceptability and feasibility of 
suggested outcome measures 
Overall programme considerations: 
Programme promotion 
Views and opinions on how to promote a workplace 
exercise programme within the workplace  
 
4.3 Results 
Descriptions of the main themes from the employee focus groups are presented in 
the following section, with direct participant quotes relating to each theme presented 
in the corresponding tables.  
4.3.1 Employee Focus Groups: Barriers and facilitators 
Participant quotes relating to the themes barriers and facilitators are shown in Table 
14. The most commonly reported barrier to workplace exercise participation was ‘lack 
of time’. Workload commitments were perceived as high and participants reported 
that their work took priority over other activities during the working day. Family or 
caring commitments were reported as barriers which would prohibit them from 
participating in exercise either before or after work. A lack of shower facilities within 
the workplace was another commonly reported barrier. Participants reported that a 
culture of long working hours within their workplace could make individuals feel 
unable to participate in exercise during work hours. 
The most commonly reported facilitator for workplace exercise participation was 
flexible working conditions and autonomous workload planning. All but one of the 
participating organisations operated flexible working policies where employees were 
permitted to arrange their own working schedule between 7am and 7pm. Social 
support was also a facilitator for workplace exercise. Participants reported that if they 
were familiar with other people in a group-based exercise session, they would be 
more likely to attend and social support was perceived as particularly important for 
inactive individuals. Lastly, participants reported that a workplace exercise 




Table 14 Participant quotes relating barriers and facilitators 
Theme Quotes 
Barriers  
Lack of time: “I can’t remember the last time I had a lunch break. Or not sat 
at my desk eating”. Male, study site 4. 
Family commitments: “I was going to start rowing. But I can’t get child care 
to cover when the rowing classes are. So, I can’t do that”. Female, study site 
4. 
Lack of shower facilities: “Cos we’ve got like an exercise bike now …but 
they don’t get used really. Mainly because we have got no showers I would 
say”. Female, study site 1.  
Culture of long working hours: “…the culture of working such long hours as 
well. I know we have these arbitrary cut points but sometimes I mean I have 
worked 70-100 hour weeks. And that at one point became kind of the norm. 
And when you are working those kind of hours fitting anything else in that 
isn’t eat and sleep is actually really difficult”. Female, study site 6.  
Facilitators 
Flexible working hours or autonomous workload planning: “In this sector we 
are actually very autonomous in our time management and we all manage 
our diaries independently. We have some fixed commitments, where we 
have to be at certain places at certain times… And I have the luxury of being 
able to be flexible with that, that’s why I can be here this afternoon. I don’t 
have to go and ask if I can come to this [focus group]. So I think within this 
sector there is some flexibility built into it. In other sectors people have to 
ask to leave the workplace, ask to get permission if it’s something unusual 
to leave the workplace maybe for a lunch break”. Male, study site 6. 
Senior management encouragement: “I think it needs to be officially 
sanctioned by the senior management of this organisation. In response to 
one of the staff surveys, one of the top things in their action plan was going 
to the gym more so if there are going to be these supervised group or class 
sessions I think the invitation for them to go out should come from a senior 
management representative. This is them saying you have my permission 
as the senior manager of this organisation to go and do this. Rather than ‘oh 
try and fit it in as best as you can’. Yeah? So basically put their money where 
their mouth is”. Male, study site 6. 
Social support and enjoyment: “Sometimes like you become a really good 
friend with the colleagues and you know that they will never go for a run for 
whatever reason. But if you make it more fun and actually get them to… 
encourage them to come along and have a go. And if they try it and like it, 
they might continue”. Female, study site 4.  
 
4.3.2 Employee Focus Groups: Intervention structure 
Participant quotes relating to intervention structure themes are shown in Table 15.  
4.3.2.1 Frequency 
Although the majority of focus group participants agreed that thrice weekly exercise 
sessions would be acceptable, participants from one study site reported that twice 
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weekly would be more acceptable initially, with the possibility of increasing frequency 
to three sessions per week after a number of weeks.  
4.3.2.2 Timing of exercise sessions 
As previously mentioned, many of the participating organisations operated flexible 
working policies. Although participants said this may facilitate individual workplace 
exercise capacity, they discussed that group-based exercise sessions at a single time 
point would likely be poorly attended. Participants suggested that multiple exercise 
sessions should be offered throughout the day, which was popular with many other 
participants when described by the thesis author in subsequent focus groups. 
Participants expressed a preference for exercise sessions before work, at lunch time 
and after work to avoid the intervention impeding on work commitments.  
4.3.2.3 Length of exercise sessions 
Participants across all groups explained that they were entitled to a 30-minute break 
in the middle of the day and so exercise sessions were required to fit within this 
timeframe. It was perceived that 60-minute exercise sessions would be too time 
consuming.  
4.3.2.4 Length of the intervention 
Most participants reported that the proposed intervention length of 6 to 10 weeks was 
acceptable; but there was no consensus between participants in terms of an exact 
preferred duration.  
Table 15 Participant quotes relating to intervention structure  
Theme Quotes 
Frequency  
“I don’t know if it would be an ongoing thing after the trial type thing. But 
then maybe up it [increase the frequency of exercise sessions] later on to 
three. See how it’s going first and then say right would you be interested in 




Multiple facilitated sessions preferred rather than a single session: “I think 
you have to factor in your workplace commitments.  And the nature that your 
day can change from what you come into and what it becomes. I think the 
danger is if you offer one session a week, say on a Wednesday at 1 o’clock. 
People can make it but then something might happen and they drop off and 
might make some weeks and not others. I think it has to be sessions that 
you have the opportunity to drop in. It needs to be three sessions per week 
and you’ve got the opportunity to drop into a number of sessions over the 




60 minute session too long: “I think an hour is a big commitment at the 






No consensus on exact acceptable length:  
“See I think that sounds too long, 10 weeks. I think 6 weeks, but that’s just 
me”.  
“But we would just be getting fitter then [6 weeks]. We would just be starting 
to see the effects”.  
“Well what’s the magic 10, why not 7, why not 12?” 
“Yeah but we don’t know the research behind it. You might be able to 
achieve the same results in 6 weeks, you don’t know”.  
-Females, study site 3.  
 
4.3.3 Intensity: views and opinions of HIT 
Participant quotes relating to the following theme are presented in Table 16. Before 
the definition of HIT was provided, participants were asked about their knowledge of 
activities that they perceived to be HIT. Although it was outside the scope of this study 
to ascertain the exact number of participants in each category, some participants 
were unaware of HIT, some were aware but had not participated in HIT, and others 
had previously or currently participated in HIT, thus demonstrating a broad range of 
experiences within the sample. Those who had some knowledge or had participated 
in HIT previously reported that they had initially heard about HIT via “celebrity” 
exercise videos or group exercise classes involving repeated high-intensity bouts of 
exercise on treadmills or cycle ergometers and circuit style exercise classes.  
Participants felt that HIT was physically demanding and resulted in sweating, an 
increase in heart rate and feelings of breathlessness. Examples of exercise modalities 
that participants identified as HIT exercises were burpees, squat jumps or sprinting. 
Although infrequently discussed, some participants recognised the intermittent nature 
of HIT and that HIT could be completed in a shorter amount of time compared with 
traditional exercise modes.  Participants perceived that HIT could elicit weight loss 
and “burnt calories” more effectively than traditional moderate intensity continuous 
“cardio” exercise modalities.  
Some participants reported that HIT was not suitable for all individuals and one 
participant perceived that HIT conferred a risk of musculoskeletal injury. One 
participant expressed the view that HIT may not be appealing to all individuals based 
on his experience attending what he thought were HIT-type group exercise classes 
at his local gym where there was a high turnover of participants.  
After participants were provided with the definition of HIT, discussion of the 
acceptability and feasibility of participating in HIT in the workplace continued. The 
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intermittent nature of HIT was received positively by participants because the rest 
breaks were reported as sufficient to permit recovery. Because of the intermittent 
nature of HIT, participants perceived the intensity to be more manageable than initially 
discussed. Participants felt that because intensity of HIT was relative to each 
individual, HIT would be manageable for less physically fit individuals, which was in 
contrast to their opinion before the definition was provided. Additionally, given the 
short duration of the HIT protocol that was provided, participants reported that HIT 
would be a feasible form of exercise given the limited time frame available in the 
workplace. One participant discussed that HIT has a “time/intensity trade off”, where 
although the exercise may be physically demanding, the lower time commitment 
required and positive feelings on completion of HIT may negate discomfort felt during 
exercise.    
Of particular importance to workplace HIT interventions, personal hygiene was 
reported as a major barrier for participating in HIT in the workplace. Participants felt 
that exercise at high-intensity would result in sweating, so a change of clothes and 
shower would be required before they could return to work.  





“I don’t know jogging on the spot with your arms going up and down getting your 
heart rate up, warming your muscles up, getting your heart rate going”. Female, 
study site 1. 
“So one minute is really fast, fast, race your heart rate and then rest for 30 
seconds or another minute and then to do that again”. Female, study site 4. 
 “It’s better for condensing all of your time down and not spending two hours in 
the gym and getting as much out”. Female, study site 2. 
“And I find that it is a good fat burner and it doesn’t last too long, it’s not 
prolonged”. Female, study site 4. 
“…I would be very very concerned about trying to push it too far too fast, I would 
have to really work up to any sort of high-intensity work very slowly now. 
Because of the physical risks… I am aware that my knees are full of sand these 
days, so I don’t want to actually damage my knees...I don’t think I have actually 
got an injury I just don’t want to make whatever is happening, which is probably 
something to do with arthritis, to get any worse”. Male, study site 6. 
“I’ve been doing my metafit classes for donks [a long time]... And I know if you 
see anyone start new and they don’t come back. It’s the same people… same 
12 who have been going there for a couple of years every week, interspersed 
with people who come and go, come and go. I don’t think… it’s definitely not for 




“And then like you say you get a rest to get your breath back and your oxygen 
levels back up *laughs*. So that gets a tick”. Female, study site 3.  
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“It doesn’t last long so you can give your all, flat out, knowing that you have got 
a recovery afterwards”. Female, study site 4. 
“The good thing about it is that you can tailor it so that if you have limitations... 
presumably you can develop bursts to be able to do something that you can 
manage. As long as it is something that you can do and you do it as hard as 
you can, doesn’t it? That’s the key to it isn’t it?”. Male, study site 4. 
“I think people would do that. Because the trade-off is, it’s not comfortable while 
you are doing it, but when you asked us why we didn’t exercise we all said time. 
And the benefit of this is that you do feel quite good after it and you can do it… 
give up 10 minutes maybe to do it”. Male, study site 6.  
 “Assuming you break a sweat you will need to have a shower, get changed into 
and out of the clothes that you would exercise in”. Male, study site 5.  
4.3.4 Exercise Modalities 
4.3.4.1 Walk/ jog/ run 
Participants discussed that walking, jogging and running would be feasible exercise 
modalities for a range of fitness levels. This perception was because most participants 
were aware of previous workplace walking or running initiatives either in their current 
or previous workplaces. Based on the definition of HIT provided by the thesis author, 
participants acknowledged that for some individuals, power walking would elicit a 
high-intensity response, whereas for others running would be required. Although this 
modality was perceived as simple to understand, one participant reported that not all 
individuals may enjoy running. It was also acknowledged by participants that this 
activity would require outdoor space and would only be feasible during fine weather.  
4.3.4.2 Skipping  
Many participants noted that skipping was an exercise they had frequently 
participated in as a child but had not tried for some time, although it was identified as 
a novel and fun exercise. Some participants noted that to elicit a high-intensity 
response, a level of skill would be required to continuously skip without tripping on 
the rope.  
4.3.4.3 Boxing 
Participants discussed that boxing was a novel and interesting form of exercise, which 
was a good “stress release” and would be fun because it required partner work. It was 
noted that limited space would be required to participate in boxing, which was 
perceived as important for workplace exercise. Participants felt that some individuals 
may not enjoy the technical or physical nature of boxing, especially with a partner 
they did not know or feel comfortable with. Another participant from the same focus 
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group reported that boxing might be an activity that people would enjoy after trying it 
once. 
4.3.4.4 Stair stepping/stair climbing 
Stair climbing or stair stepping were perceived as feasible exercise modalities 
because they were simple, required no prior exercise knowledge, and could be 
completed using the facilities available within the workplace. Although, some 
participants expressed concerns in relation to the safety of fast paced stair climbing. 
4.3.4.5 Dance 
Perceptions regarding the acceptability and feasibility of dance as an exercise 
modality were polarised. Although some participants reported that dance would be 
particularly enjoyable and also suitable for inactive individuals, others reported that if 
dance were included in an intervention they would decline to participate in the 
intervention as a whole.  Most participants agreed that some level of dance 
knowledge or experience would be required to permit high-intensity dance exercise. 
Additionally, it was noted that dance would be difficult to facilitate in some workplaces 
due to the requirement for music which may disrupt the working environment.  
4.3.4.6 Other activities 
Yoga was discussed as a preferred exercise modality by some participants; however, 
it was explained by the thesis author that the intention was for the exercise to increase 
the heart rate which would not likely be possible with yoga. The participants did not 
express an interest in any other exercise modalities during the focus groups.  
4.3.4.7 Choice and variety 
Despite individual differences in opinions on the acceptability and feasibility of each 
of the previously reported exercise modalities, all participants agreed that a choice of 
modalities should be available both between and within sessions. Participants 
discussed that individual preferences should be taken into account to facilitate 
enjoyment for a range of individuals. A choice of a variety of exercise modalities 
between sessions was perceived to be more engaging. Lastly, many participants 
noted that some individuals may have physical limitations that prohibit participation in 




Table 17 Participant quotes relating to exercise modalities 
Theme Quotes 
Modality 
Walk/ jog/ run: “Running and jogging would be easier to understand it [the 
exercise modality], but at the same time people may not like it because they 
don’t like to run.” Female, study site 4.  
Skipping: “You would need to be quite a skilled skipper to be able to go at 
full intensity for a minute wouldn’t you? So a lot of people wouldn’t be able 
to be to complete it”. Male, study site 5.  
Boxing: “The fact that you have got away from your desk and you have gone 
and punched the living daylights out of a punch bag, you’ll probably feel a 
whole lot better in the afternoon.” Male, study site 5. 
“I’m not sure if it would be too technical. I just think some people might be a 
bit put off if they haven’t done that type of thing before. If you said you haven’t 
exercised for years you come here and we are going to do some non-contact 
boxing, get the pads on, get a partner. Some people wouldn’t want to do 
that. Female, study site 4. 
“I think as well, it’s one of those things. I had never really done it before and 
my son goes to a kick boxing class. And one of the guys was there and he 
asked would I mind holding some pads for him, and then when you start 
hitting them you think ‘oh this is actually quite good you know’, and you work 
up a hell of a sweat doing it. Male, study site 4. 
Stair stepping/stair climbing: “I think everybody, even if they are not active 
at the moment, they would know what stair stepping is. You’re not being put 
off by ‘I can’t run’ or ‘I can’t box’ or anything like that. But everybody could 
do that one”. Male, study site 5.  
“The first thing I think of is the safety issues. Because stairs is fantastic 
totally, and even though we have the facilities, it’s not easy if you can run 
up. And the traffic of people as well. And also I don’t think that stairs is safe 
for me, anyway”. Male, study site 4.  
Dance: “I think though, if you are a beginner because that has been around 
for a while a lot of people, they know what it is… and they know what they 
are going to do. And I think they would be more inclined to go and do 
something like that than boxing. I’m just thinking about some of the ladies in 
my office that would probably go along to that because they know what to 
expect”. Female, study site 4.  
“That is my idea of hell. I would never go anywhere near it… I have never 
been able to dance I have my own weird sense of dance and I cannot put 
steps to music at all”. Male, study site 5.  
“It might be more, I’ll use the word disruptive because our conference 
rooms… you wouldn’t be able to accommodate that and obviously booking 
any bigger rooms would be difficult I guess. So the location of that one may 
be a problem”. Female, study site 4. 
 
Choice and variety: “So you say you’ve got your four, minute intervals... you 
can fill the four minutes with the things you like doing. You might one day 
choose to do three boxing things or one of each on one day, so you get 
variety. So for somebody who can’t skip very well yes they are not going to 
get much of a workout because you are forever faffing about with the rope. 
Whereas if you can skip proficiently you know, I still think a minute of 
skipping is hard work. Other people might disagree. Obviously running for a 
minute is hard work if you make it hard work, going up stairs, I’ve punched 
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a punch bag for a minute that is crucifying. So it would all do the job. It’s just 
having the choice of which one you want to do”. Male, study site 5.   
“If you sold it to me that we just did stair stepping 3 times a week for 8 weeks 
I would probably get bored. So I think it would be interesting to give different 
activities to do as part of a programme”. Female, study site 4. 
“But classically someone who has got a bit of a dodgy knee or dodgy hip 
could come to this and they know their body better than anybody else. They 
could say well I will do that one or that one because I’ll be alright with it, but 
my knee won’t let me do that one so I will leave it out [and] I will do the 
others.  Male, study site 3.  
 
4.3.5 Overall programme considerations 
Participant quotes for the themes relating to overall programme considerations are 
shown in Table 18. 
4.3.5.1 Group based vs. individual sessions 
Overwhelmingly, group-based exercise was the preferred format for a workplace HIT 
programme because participants perceived that it would increase motivation and 
compliance and provide an opportunity for networking and team building. Many 
participants acknowledged that it would be important for some individuals to have the 
option to exercise individually, if preferred.  
4.3.5.2 Location of exercise 
It was important to participants that workplace exercise sessions were facilitated as 
close to their place of work as possible. Outdoor sessions were perceived positively 
because they would allow for a break from the indoor office environment but only if 
the weather was fine.  
4.3.5.3 Outcome variables  
The measurement of the various physical fitness and cardiometabolic health 
outcomes in the workplace was perceived as acceptable by participants and no 
negative opinions were expressed regarding any of the outcome variables described. 
Participants noted that the outcome variables were wide ranging and included 
important aspects of health and fitness. Many participants noted that a measure of 




4.3.5.4 Promotion of a programme 
Participants from study site 4 discussed offering “taster sessions” as a method of 
programme promotion. They suggested that during taster sessions potential 
participants could try a HIT session before they decided whether to participate in the 
full programme. This proposal was popular with participants in subsequent focus 
groups when described by the thesis author.  






“I don't think I would find it particularly motivating myself to just pop over 
here and do something myself alone. I'd be probably, I would rather do it 
with a group. So that we are all together, that’s my view”. Female, study site 
1.  
“I mean in so many ways we hear about the sense of belonging in the 
organisation and the doing things together and all that kind of thing. And that 
(group based programme) could be something that helps facilitate that”. 
Female, study site 4. 
“[some people] may not want to do it with a bunch of other people. And I 
think that is the other thing when you look at things you can offer, is offering 
collective things [exercise sessions] but individual things [exercise sessions] 
as well”. Female, study site 4.  
Location of 
exercise 
“As close to work as possible…no travel required”. Female, study site 4. 
 “We went to go out for one (a walk) didn’t we once? We were going to go 
around here, and we got outside and it started pouring down with rain and 
everybody just did an about turn”. Female, study site 1. 
Outcome 
measures 
Mental health outcomes important: “I just want to go off how I felt. How I feel 
is most important to me....I used to really care about how I looked but at the 
minute it’s just how I feel. If I feel more… if I have more energy, if I am 
enjoying work more, if I can go home after a shift and not feel like the walking 
dead. And still have energy to run after a baby, that’s what is important”. 
Female, study site 3. 
Programme 
promotion 
Taster session: “Those who are familiar with exercise probably won’t mind 
turning up to a class blind. But when you are introducing something new, 
they [people unfamiliar with exercise] need that bit of reassurance. Study 
site 4. 
“And it’s hard to get people to sign up for like an 8 week programme from 
scratch.” Female, study site 4. 
 
4.3.6 Management Representative Interview Results 
Descriptions of the main themes from the management interviews are presented in 
the following section, with direct participant quotes relating to each theme presented 




4.3.6.1 Barriers and Facilitators 
Management representative quotes relating to the themes of barriers and facilitators 
are shown in Table 19. 
Employees and management representatives discussed similar barriers to workplace 
exercise participation. In addition to the barriers discussed by employees, senior 
management representatives reported that despite their support for workplace 
exercise programmes, work commitments would always be prioritised over exercise 
participation. They also perceived that although they would support a potential 
workplace exercise programme, the support of middle management would be critical 
for the success of such a programme, as permitting staff to attend exercise sessions 
would be at the discretion of middle management staff. 
In addition to the facilitators described by employees, senior management 
representatives felt it was important that they participate in workplace health 
programmes with their employees, to promote employee participation. 
Table 19 Management representative quotes relating to barriers and facilitators 
Theme Quotes 
Barriers “Possibly their manager letting them go, if it’s not within a lunch break or 
something like that. So that might be one thing. Workload… what work 
demand they have got on at the moment”. Male, study site 6.  
Facilitators “I took part when I could, when I was here, and I thought that was important 
that I took part [in previous workplace activity programme]. Because if I 
wasn’t willing to take part, then that just gave license to everyone else to 
say well if you aren’t even going to do it then why should we bother. So I 
made an effort to take part as much as I possibly could”. Male, study site 3. 
  
4.3.6.2 Intervention Structure 
Management representative quotes relating to the theme ‘intervention structure’ are 
shown in Table 20. Daily exercise sessions were perceived as too time consuming, 
whereas once weekly sessions were also unacceptable due to the risk of individuals 
losing interest or being unable to attend one session and then missing a whole week 
of training. Thrice weekly sessions were identified as feasible. Management 
representatives were in agreement with employees in that offering only a single 
exercise session per day would be unlikely to suit the availability of all employees. To 
promote attendance, multiple sessions at different time points across the day were 
suggested by management staff. In agreement with employees, management 
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representatives suggested that exercise sessions should not exceed 30 minutes in 
length for them to be conducted within the usual midday break from work. Lastly, a 
short term intervention (6 to 10 week) was feasible and acceptable.  
Table 20 Management representative quotes relating to intervention structure 
Theme Quotes 
Frequency  “I think if you make it every day I think it might be more difficult. If you only 
make it once per week people might lose enthusiasm”. Female, 




“We can’t seem to find a solution for everyone. Because some people want 
them in the morning, some people want them during the work day, some 
people don’t want them during the work day. Some people won’t stay after 
work, they want to go home. ”. Female, Management representative, Study 




“So we do tend to run a lot of campaigns over lunch time. But then we have 
got to bear in mind that it eats into their lunch time. So the shorter the better. 
Because I think staff are more likely to come if it is a shorter session”. 
Female, Management representative, Study site 6. 
Length of 
intervention 
“I think if you make something so far into the future that it is something that 
they can’t see an end to, they will drop out”. Female, Management 
representative, study site 1. 
 
4.3.6.2.1 Overall programme considerations 
Management representative quotes relating to overall programme considerations 
are shown in Table 21. 
4.3.6.2.2 Modality 
Management representatives reported that they would be supportive of whichever 
modalities were preferred by the employees in their organisation. The management 
representatives expressed a preference for simple exercise modalities that did not 
require extensive exercise knowledge or experience for a potential programme to be 
inclusive of all fitness levels and abilities.  
4.3.6.2.3 Group based vs. individual sessions 
Senior management representatives expressed a preference for group-based 
exercise within a workplace exercise programme, with the view that this would 
facilitate camaraderie between colleagues and potentially increase attendance and 
compliance. It was also perceived that group exercise would provide an opportunity 
for staff to network with a wider range of employees than in their typical working 
routines. Management representatives also believed that some individuals may not 
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feel comfortable exercising with their colleagues and participants should have the 
option for individual sessions.    
 
4.3.6.2.4 Location of exercise 
Many of the management representatives acknowledged that an indoor location 
would be problematic for the facilitation of multiple exercise sessions across a day, 
because available space was limited in most of the participating organisations.  
4.3.6.2.5 Outcome variables 
The measurement of the various physical fitness and cardiometabolic health 
outcomes in the workplace was perceived as acceptable by management 
representatives. Additionally, they expressed a desire for the inclusion of a measure 
of psychological wellbeing and stress levels.  
Table 21 Management representative quotes relating to overall programme 
considerations. 
Theme Quotes 
Modalities “If you are trying to increase physical activity in the workplace we want 
something that will be suitable for everyone. So it’s trying to make it, for 
anyone that doesn’t do exercise going from nothing to something that is 
fairly active and physically exertive, they might think “no I definitely can’t do 
that”. But if you are only suggesting something that is quite simple to do, 
something that they can facilitate within their activities of daily living, I think 
you would get more engagement”. Male, management representative, 





“Because all of that builds up relationships in the organisation which is kind 
of good for networking and people knowing each other. I would really like to 
see people mix more and get to know people across the organisation”. 
Female, Management representative, Study site 1.  
“Personally I think it would be better in groups. But I supposed individual 
choice would come into it as well. So if somebody felt particularly 
uncomfortable doing some sort of exercise with fellas or with other people, 
then I just think it’s their choice at that point. Male, management 




“It’s just finding that location. We do have a real problem with finding room 




“Our biggest reason for absence in the last two years for our staff has been 







This study aimed to formatively evaluate a proposed workplace HIT intervention 
named BE@Work. The purpose of formative evaluation is to obtain in-depth 
information that can be used to guide intervention development (Zinn & Schofield, 
2012) and has been described as an integral stage of the intervention development 
process (Gittelsohn et al., 2006).  Formative evaluation has been used successfully 
in the development of previous workplace health promotion programmes 
(Ammendolia et al., 2016; Gates et al., 2006).  
 
Firstly, it was necessary to establish employee and management perceptions of 
barriers and facilitators for workplace exercise. Commonly cited barriers were lack of 
time or competing work priorities, family or caring commitments, lack of facilities in 
the workplace and perceived negative workplace culture towards being active in the 
workplace. Senior management representatives also discussed that the support of 
middle managers could also be a barrier for employees, despite the support of senior 
management. Facilitators discussed by employees included flexible working 
conditions, senior management support to participate in a workplace exercise 
programme, as well as social support from colleagues. Senior management 
representatives echoed these facilitators, but also added that it was important that 
management staff participate in workplace health programmes to support employees. 
The barriers and facilitators reported by participants in this study are consistent with 
those reported in previous work exploring these factors in various organisational 
settings in organisations from both the public and private sectors, including office 
based organisations and hospitals (Brinkley et al., 2017; Jørgensen et al., 2016; 
Planchard et al., 2018).  Although no new novel barriers to workplace exercise were 
identified during this study, as barriers and facilitators are likely to be highly context 
specific (Craig et al., 2008), it remains vital to assess these factors in the setting in 
which an intervention is to be implemented. The majority of research to date assesses 
barriers and facilitators to workplace exercise after intervention implementation, 
usually as part of a process evaluation (Bredahl et al., 2015; Brinkley et al., 2017; 
Kinnafick et al., 2018). Assessing these factors before an intervention is implemented 
allows the intervention to be tailored to reduce the impact of barriers and utilise 
facilitators where possible.  
The proposed BE@Work trial was described to both employees and management 
representatives and the acceptability and feasibility of each intervention element was 
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discussed. The BE@Work trial will be facilitated by the thesis author, with assistance 
from a small number of other researchers for baseline and post-intervention data 
collection only. It became apparent that it would not be feasible to facilitate multiple 
exercise sessions across a working week at multiple organisations, if more than one 
participating organisation required exercise sessions at similar times of the day. 
Although it was not known at the commencement of this study if any of the 
participating organisations would be able or willing to participate in the BE@Work 
trial, following data collection the management representatives at Study Site 4 
expressed strong interest in participating in the BE@Work intervention. For this 
reason, the practicalities of the intervention (timing of exercise sessions etc.) were 
tailored to the requirements of this study site where possible.  The following section 
will describe the modifications that were made to the planned BE@Work trial based 
on the findings of the present study. 
4.4.1 Programme structure 
The frequency and length of exercise sessions (20 to 30 minutes, thrice weekly) were 
perceived as acceptable by the majority of participants and so no changes were 
planned for this element of the intervention. This is consistent with a process 
evaluation of a workplace resistance training intervention where participants reported 
that a similar time commitment was acceptable because it did not impact on work 
commitments (Bredhal et al., 2015).  
Although one group of participants reported that twice weekly sessions would be more 
acceptable during the early weeks of an intervention, with the option to increase to 
thrice weekly after a number of weeks, a balance had to be sought between 
stakeholder requests and evidence-based programming decisions. Given that the 
majority of HIT trials published to date prescribe thrice weekly HIT (Weston et al., 
2014b), as have the two previously published workplace HIT trials (Allison et al., 2017; 
Shepherd et al., 2015), the decision was made not to change the planned frequency 
of HIT sessions in the BE@Work trial in this instance.  
 
Due to competing work and family commitments participants in the present study 
stressed that flexibility in exercise session attendance would be important and they 
proposed that several exercise sessions be made available throughout the week. 
Flexibility in structured exercise session attendance was also noted as a facilitator by 
participants in the process evaluations of both workplace resistance training (Brehdal 
et al., 2015) and HIT (Kinnafick et al., 2018) interventions. The BE@Work programme 
will therefore permit employees to self-select any three sessions from four exercise 
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sessions delivered every day from Monday to Thursday and two sessions delivered 
on a Friday. The sessions are planned to be conducted during the organisations 
“flexible hours” (i.e. early morning, lunch time and late afternoon), when work related 
events were not held, to allow participants to use their flexible working arrangements 
to attend HIT sessions. 
 
4.4.2 Exercise Intensity: HIT 
Views on the acceptability and feasibility of delivering HIT in the workplace were 
varied. Some participants reported that HIT would be a novel and engaging activity, 
which was a finding echoed by Kinnafick et al., (2018) in a process evaluation of a 
workplace HIT intervention. In the present study some participants perceived that HIT 
may increase the risk of musculoskeletal injury and may not be enjoyable or 
acceptable for all individuals. One management representative suggested that 
“physically exertive” exercise may not be favoured by inactive individuals. The 
appropriateness of SIT (a form of HIT at the highest end of the intensity spectrum) in 
inactive populations has been criticised previously in academic circles (Hardcastle et 
al., 2014). However, employees also noted that if the relative intensity of HIT were 
explained to potential participants of the BE@Work programme, this may alleviate 
concerns about inactive individuals’ ability to participate in HIT. 
 
4.4.3 Exercise modality 
Participants in the present study requested that range of activities within an 
intervention with stair stepping, stair climbing and boxing the most popular activities. 
These exercise modalities were perceived as practical and novel within a workplace 
environment. In previous work, a lack of novel exercise modalities was identified by 
individuals who chose not to participate in a workplace physical activity programme 
as a reason for their decision (Edmunds et al., 2013). Although dance was popular 
with some individuals, as it was highly unpopular with others, and was outside of the 
knowledge base of the thesis author who would be facilitating the HIT sessions during 
the BE@Work trial, it was removed from the available modality options. A choice of 
exercise modalities both within and between sessions was most important for 
participants in the present study which has also been identified previously in a 
process evaluation of a workplace resistance training programme to avoid boredom 




4.4.4 Group based vs. individual exercise sessions 
Within BE@Work, the scheduled exercise sessions will be group based, but 
participants will be offered the option to request individual sessions outside of these 
times if preferred. Social support has been identified as an important facilitator for 
workplace physical activity programmes (Fletcher et al., 2008), which could be 
promoted through group-based exercise. This may be particularly important because 
participating in group based exercise in the workplace has been reported to enhance 
motivation and reduce anxiety related to exercising alone, hence promoting 
attendance (Edmunds et al., 2013; Phipps et al., 2010).  
4.4.5 Location 
It was important for participants in the present study that HIT sessions were 
conducted within, or at least commence from and terminate at their workplace to limit 
travel requirements. Similarly, an exercise location in close proximity to the workplace 
was also reported as a facilitator in a process evaluation of a workplace HIT 
intervention (Kinnafick et al., 2018). The planning of exercise session location for 
BE@Work will be largely dictated by room availability. The participating organisation 
will not have a dedicated exercise space and priority for indoor space is allocated for 
work related activities. For this reason, 70% of the sessions are planned to be outdoor 
exercise sessions, with the remaining sessions conducted in an indoor meeting room, 
with furniture removed before each session. The organisation is in close proximity to 
a range of public parks and footpaths.  
4.4.6 Outcome variables 
Following examination of senior management teams motivations for participating in 
workplace health promotion Martinsson, Lohela-Karlsson, Kwak, Bergström, & 
Hellman (2016) suggested that future studies should include outcome variables that 
are pertinent to the participating organisation. The physical fitness and 
cardiometabolic health outcomes suggested by the thesis author were perceived as 
acceptable by both employees and management representatives. As there is a 
preliminary body of evidence suggesting that HIT can positively affect mental health 
outcomes (Bhosle et al., 2018; Lunt et al., 2014), and participants in this study 
expressed an interest in these outcomes, questionnaire assessed measures of 
mental health will also be included in the battery of outcome variables (health-related 




4.4.7 Promotion of a workplace HIT programme 
Based on employee feedback, one-off taster HIT sessions will be scheduled in the 
month prior to BE@Work data collection commencement. Here, taster session 
participants will have the opportunity to try HIT and the exercise modalities to be 
conducted in the intervention before the intervention commences. The thesis author 
will also explain HIT, including a description of the relative intensity of HIT, which was 
deemed important by participants in the present study. Although the provision of 
taster sessions has not been reported in any of the workplace physical activity or 
exercise training interventions previously described in this thesis, taster sessions 
were reported as an important aspect of successful recruitment to dance-based 
activity sessions for adolescent girls (Jago et al., 2011). A summary of the 
modifications that were made to the planned intervention based on the findings of this 
formative evaluation is presented in Table 22.   











No modifications made Employees and 
management perceived 
this frequency as 
acceptable.  





Four exercise sessions 
facilitated Mon-Thurs (8:30am, 
12:30pm, 4:30pm and 5pm). 
Two sessions on Friday 
(8:30am and 12:30pm) due to a 
shortened working day on a 
Friday 
No single time point 
would suit all availability, 






No modifications made Session fit within 30-
minute lunch break, 
perceived as acceptable 




6-10 weeks 8 weeks Short term programme 
perceived as acceptable 
to employees and 
management teams alike 
Intensity HIT No modifications made to 
intensity of planned exercise 
Important for 
understanding of HIT 
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Relative intensity of HIT 
explained to potential 










A range of activities within an 
intervention 
Stair stepping, stair climbing, 
boxing  
Participants reported that 
these modalities as most 
feasible and acceptable  





Group based Group based with option for 
individual sessions if requested  
Group preferred but 










space in the 
participating 
organisation 
Meeting room booked in 
advance where possible 
However, 70% of sessions 
conducted outdoors but 
commencing from the main 
foyer of the organisation 
Outdoor exercise 
sessions acceptable for 
participants however 










Cardiorespiratory fitness; leg 
extensor muscle power; 
isometric hand grip strength; 
systolic and diastolic blood 
pressure; blood lipids; blood 
glucose; anthropometry; 
habitual physical activity; 
health- related quality of life; 
psychological wellbeing and 
perceived stress 
All physical fitness and 
cardiometabolic health 
outcomes were 






expressed desire to 
include measure of 









“Taster” exercise sessions 
facilitated in the fortnight before 
baseline data collection 
Emails sent via all staff email 
distribution lists 
Advertisements placed in 
organisational newsletters and 
on notice boards in prominent 
places around the workplace 
Participants requested 
one-off taster sessions of 
HIT before they decided 







Although this formative evaluation provided important insights into the specific way in 
which a novel workplace HIT intervention could be developed and implemented, it is 
not without limitations. The sample was drawn from organisations where the 
employees were predominantly office based, and so the findings will likely not extend 
to a range of other organisational environments such as healthcare or manual labour 
settings. Although attempts were made by the thesis author to obtain employee 
information such as the gender balance and average age of employees, the 
participating organisations were unable or unwilling to provide this information. As 
such, it is unknown if the sample in the present study were representative of the 
organisations themselves. Future studies could seek to collect organisational 
information to further contextualise the recruited sample. Additionally, to be permitted 
to approach employees for participation in this study, senior management team 
permission was first required. This may suggest that the participating organisations 
have a supportive culture or value employee health and wellbeing, which may bias 
the results of this study. The views of participants in an organisation where health and 
wellbeing are not considered a priority by management, may have been vastly 
different to those expressed in the present study. Furthermore, six organisations 
participated in the present study. Due to the phased nature of the BE@Work 
programme development and implementation (Craig et al., 2008), it was not known 
during data collection which of the participating organisations would be willing or able 
to participate in the programme when development had been finalised. Although 
immediately following data collection, it became apparent which organisation would 
be willing to participate in the BE@Work trial, the results of this study may have 
differed if only the findings from this organisation were considered. Nonetheless, the 
purpose of this study was to examine the acceptability and feasibility of the BE@Work 
trial in a range of organisations with as many participants as possible to maximise the 
range of opinions received. It was not appropriate to disregard the data that was 
obtained from the five other study sites. Lastly, a convenience sample was used in 
the present study which has been criticised due to the likelihood of selection bias 
(Robinson, 2014). Convenience sampling assumes that the members of the target 
population are homogeneous (Robinson, 2014), that is, that there would be no 
difference in the research results obtained from a random sample. Given that 
recruitment material for the present study stated that the purpose of the study was to 
plan a workplace exercise intervention, it is possible that individuals uninterested in 
physical activity or exercise would not feel willing or able to participate, resulting in 
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respondents who are already physically active or willing to participate in physical 
activity and exercise. Despite this limitation, the intention in this study was to include 
as many participants as possible, therefore any individual who was willing to 
participate was invited to attend a focus group or interview, thus maximising the 
sample size.  
The findings of this study demonstrate the vital role that formative evaluation plays in 
the development of interventions in settings outside of the laboratory. The varying 
and competing demands of a workplace setting are evident throughout the data 
presented. If not adequately investigated during intervention development, these 
factors could impact on the recruitment, implementation fidelity and participant 
retention of a potential programme and ultimately lead to intervention failure. As such, 
this study supports calls for detailed intervention planning data to be published 
alongside intervention protocols (Bauman & Nutbeam, 2013).  
4.5 Conclusion 
This study represents the first formative evaluation of a workplace HIT trial, using data 
from focus groups with employees and one-to-one interviews with management 
representatives of six different organisations to further develop the proposed 
BE@Work workplace HIT trial protocol. The findings of the formative evaluation 
informed the logistics and content of the planned BE@Work trial, including the 
exercise modalities, timing and location of exercise sessions and outcome variables. 
Participants expressed a range of positive and negative views on HIT but reported 
that an explanation of the relative intensity of HIT would be important to potential 
BE@Work trial participants. Participants expressed a preference for exercise 
modalities to be included in the BE@Work trial including boxing, stair stepping and 
stair climbing. However, a choice in modalities both between and within HIT sessions 
was important to participants. According to the MRC framework for intervention 
development (Craig et al., 2008) following the initial planning stage, the next stage of 
intervention development is pilot work to further develop the intervention, prior to a 
larger exploratory study. As such, the following chapter explores the acute 
physiological and psychological responses to three novel modes of HIT that were 




Chapter 5: Study Three. Acute physiological and 
perceptual responses to three novel modes of high-
intensity interval exercise. 
5.1 Introduction 
The chronic effects of high-intensity interval training (HIT) on physical fitness and 
cardiometabolic health variables are well studied. Nevertheless, fewer studies have 
examined the acute responses to HIT (Olney et al., 2018). As described in Chapter 
Two, HIT has traditionally been confined to equipment such as cycle ergometers and 
treadmills. Participants of the formative evaluation of the BE@Work trial presented in 
Chapter Four identified stair climbing, stepping and boxing as their preferred exercise 
modalities to be included in a workplace HIT programme. These activities were 
perceived as novel, as well as feasible given the need for limited equipment and 
space. Although employees may prefer these modalities, it is unclear if they elicit 
physiological responses indicative of high-intensity exercise. Given that the intensity 
of exercise is an important mediator in the physiological and morphological 
adaptations promoted by chronic training (MacInnis & Gibala, 2017), it is vital to 
evaluate the capacity for novel exercise modalities to elicit a high-intensity response 
prior to implementation within a HIT programme. As HIT can elicit adaptations in a 
range of physiological and psychological variables (Costa et al., 2018; Stork et al., 
2017; Weston et al., 2014b), the acute effects of HIT on a range of variables should 
also be considered prior to programme implementation.   
 
A combination of objective and subjective measures represents the best practice for 
prescribing and evaluating exercise intensity (Weston et al., 2016b). The objectively 
measured criterion for high-intensity work is exercise eliciting a heart rate of ≥85% of 
maximal heart rate (HRmax) (Weston et al., 2014a). Although percentage of HRmax  
(%HRmax) is the more commonly used metric for estimating the relative intensity of 
HIT, percentage of heart rate reserve (%HRR) (HRR = HRmax – resting heart rate) 
(Cheng et al., 2002) has also been used as an alternative. Exercise eliciting 60-89 
%HRR is classified as vigorous intensity and exercise eliciting ≥90 %HRR is classified 
as maximal or near maximal intensity (Garber et al., 2011). Although there is no 
established subjectively measured criteria specifically for HIT, an accepted criteria for 
general high-intensity exercise is ≥17 arbitrary units (AU) or ‘very hard’ on the original 
Borg scale (6-20) (Borg, 1982) or ≥7 AU or ‘very hard’ on the revised category ratio 
scale (CR-10) (0-10) (Borg, 1998) (Norton et al., 2009).  Furthermore, exercise at the 
138 
 
second ventilatory threshold has been linked to the qualitative descriptor ‘very hard’ 
(i.e. 7 AU), albeit in a sample of elite athletes (Seiler & Kjerland, 2006). 
 
While there is some literature exploring the acute physiological and psychological 
responses to cycle ergometer-based HIT (e.g. Falz et al., 2019; Olney et al., 2018), 
novel exercise modes are seldom incorporated into HIT protocols. Stair climbing is 
one HIT modality that has been successfully implemented into a previous described 
workplace HIT programme, where participants undertook 3x 20 second or 3x 60 
second bouts of “all-out” stair climbing (Allison et al., 2017). Although the acute effect 
of the stair climbing on percentage of HRmax was not directly reported, as the mean 
age of participants was 19 ± 2 years, the peak heart rate achieved in an average stair 
climbing session corresponded to 85 ± 7 % and 85 ± 6 % of age predicted HRmax, for 
the 3x 20 second and 3x 60 second groups respectively Furthermore, in a workplace 
stair climbing intervention included in the meta-analysis presented in Chapter Three, 
participants were required to climb the stairs in their office building daily for 10 
minutes. Heart rate monitoring during one of the stair climbing bouts confirmed that 
heart rate after 10 minutes of stair climbing corresponded to 90 ± 9% HRR (Andersen 
et al., 2013), which is indicative of high-intensity exercise (Garber et al., 2011). 
However, in a study examining the acute effects of a single bout of stair climbing, 
following an 11-storey stair climb lasting approximately 135 ±8 seconds (~2 minutes), 
heart rate corresponded to 82% HRmax (Teh & Aziz, 2002). This suggests that while 
stair climbing could be practically implemented into a workplace HIT programme, a 
single bout of stair climbing may not be sufficient to achieve a high-intensity response 
and subsequent climbs may be required.  
 
Although stair climbing may be a feasible exercise modality in some workplaces, not 
all workplaces have access to multiple flights of stairs. In this case, stair stepping 
which involves repeatedly stepping onto and off a single step, may be a feasible 
alternative. Mair et al., (2016) examined the acute heart rate responses to 3 minutes 
of stepping at different step heights and cadences in young and middle aged women.  
At the lowest step height and cadence (17cm at 80 steps per minute), heart rate 
corresponded to between 60 ±14 %HRR and 45 ±14 %HRR in middle aged and 
young women, respectively, which is not indicative of high-intensity exercise (Garber 
et al., 2011). However, at the highest step height and cadence (34cm at 110 steps 
per minute), heart rate corresponded to between 111 ±16 %HRR and 86 ±9 %HRR 
in middle aged and young women, respectively. Although this study did not utilise an 
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interval training protocol, this finding indicates that stair stepping at higher heights at 
a fast pace can elicit a high-intensity exercise response.  
 
Non-contact boxing (boxing) has been implemented into a limited number of HIT 
interventions. Heart rate responses to boxing HIT involving 15x 2 minute high-
intensity bouts interspersed with 1 minute of rest indicated that participants attained 
between 86-89% of age predicted HRmax across a 12 week HIT intervention (Cheema 
et al., 2015). Although useful, the number of high-intensity repetitions is significantly 
higher than the number of repetitions that were intended to be used in the BE@Work 
programme. Therefore, it is unclear if a high number of repetitions are required to 
elicit a high-intensity response using boxing as the HIT modality. However, boxing 
has also been used as a HIT modality with adolescents (Taylor, 2014). Here, the 
mean peak heart rate following 4x 45 seconds of boxing, interspersed with 60 
seconds of rest, corresponded to 96 ±5 % of age predicted HRmax (Taylor, 2014). 
Whether these findings can be replicated in adults is unknown.  
 
With regards to blood pressure responses to HIT, there is evidence to suggest that 
HIT may elicit similar chronic reductions in the blood pressure of hypertensive or pre-
hypertensive individuals compared to moderate intensity continuous training (MICT) 
(Costa et al., 2018). The acute effect of HIT on blood pressure, however, is unclear. 
Morales-Palomo et al., (2017) explored the acute effect of a cycle ergometer based 
aerobic interval training (AIT) protocol consisting of 5x 4 minute high-intensity bouts 
at 90% HRmax interspersed with 3 minutes of active recovery at 70% HRmax on acute 
blood pressure in 14 obese (BMI: 31±1 kg/m2, mean age: 57 ±2 years) participants 
with metabolic syndrome. Post-exercise there was a reduction in both systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) in both hypertensive (n=7) (SBP: 
134 ±7 to 114 ±1 mmHg; DBP 81 ±3 to 73 ±1 mmHg) and normotensive participants 
(n=7) (SBP: 114 ±4 to 107 ±3 mmHg; no difference in DBP in normotensive) (Morales-
Palomo et al., 2017). Although encouraging, further work is required to examine the 
acute effect of HIT, particularly using novel modes, on blood pressure.  
 
Positive psychological responses to exercise, such as favourable changes in affect 
and enjoyment, are critical for sustained exercise participation (Cocks et al., 2013). 
In a scoping review examining the effects of HIT on psychological variables, Stork et 
al., (2017)  reported that while affect was generally more negative during HIT, 
compared with moderate intensity continuous training (MICT), post-exercise affect 
improved such that there were no significant differences between post-exercise affect 
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in HIT and MICT (Stork et al., 2017). Furthermore, post-exercise enjoyment has been 
reported to be similar or greater between HIT protocols and continuous moderate or 
vigorous intensity protocols (Oliveira et al., 2018; Stork et al., 2017). However the 
vast majority of studies examining acute psychological responses to HIT use exercise 
modalities such as cycle ergometers and so the psychological responses to novel HIT 
modes are unclear.  
 
Accordingly, the aim of this study was to explore whether novel modes of HIT could 
elicit a high-intensity exercise response (e.g. ≥85% HRmax) and to assess the 
psychological responses to these modes of HIT. The objectives of the study are to: 
a.) use a randomised cross-over trial to assess the acute physiological (heart rate 
and blood pressure) and psychological (rating of perceived exertion, mood and 
enjoyment) responses to prototype HIT protocols in adults based on stair climbing, 
stepping and boxing and b.) explore whether these outcomes substantially differed 
across HIT modes. 
 
5.2 Method 
This study was approved by the School of Health and Social Care Research 
Governance and Ethics Sub-committee from Teesside University (study number: 
162/17) and the protocol was prospectively registered on clinicaltrials.gov (identifier: 
NCT03359928). The study was conducted between December 2017 and March 
2018. All data collection, scale administration and exercise facilitation in the study 
was conducted solely by the thesis author. 
 
5.2.1 Study Design 
Using a randomised cross-over trial design, each participant completed a total of 
three laboratory-based HIT sessions (one session each of stair climbing, stepping 
and boxing). Participants attended the laboratory on four separate occasions (three 
data collection sessions and one familiarisation session) with at least 48 hours 





5.2.2 Recruitment and Participants 
Eighteen participants (n=9 females) gave written informed consent to participate in 
this study. As there were three conditions in this randomised cross-over trial, it was 
necessary to recruit participants in blocks of three to ensure blinding and 
randomisation procedures could be upheld. Participants were recruited from a large 
tertiary institution via staff email distribution lists and were from office-based (n= 14) 
and non-office based support roles (e.g. cleaners and maintenance staff) (n= 4) within 
the organisation. The participant information sheet can be found in Appendix E. 
Inclusion criteria were adults (aged ≥18 years) with no health conditions that 
precluded them from exercise and on no medication. Exclusion criteria were 
symptoms of, or known presence of cardiovascular or metabolic disease, conditions 
or injury or co-morbidity affecting the ability to undertake exercise, early family history 
of sudden cardiac death and pregnancy or likelihood of pregnancy. All participants 
underwent pre-exercise screening using the Physical Activity Readiness 
Questionnaire for Everyone (PAR-Q+) (Bredin et al., 2013). If via the PAR-Q+ any of 
the inclusion/exclusion criteria were not met, the individual was not allowed to 
participate further.  
 
5.2.3 Outcome Measures 
5.2.3.1 Anthropometry 
Body mass and height were measured to the nearest 0.1 kg or 0.1 cm, respectively, 
without shoes and with participants in light clothing using the Seca 799 electronic 
column scale, fitted with a Seca 224 stadiometer rod (Seca, Hamburg, Germany). 
Body mass index (BMI) was calculated using the equation BMI (kg/m2) = body mass 
(kg)/ height (m) 2. 
 
5.2.3.2 Habitual Physical Activity 
The short-form International Physical Activity Questionnaire (IPAQ) (Craig et al., 
2003) was used to assess self-reported physical activity in the previous 7 days. The 
IPAQ is an open access self-report measurement tool that quantifies physical activity 
(in bouts of more than 10 minutes) into three categories: walking, moderate-intensity 
and vigorous-intensity physical activity. Although the IPAQ has acceptable test-retest 
reliability (Spearman’s ρ=0.81), the validity of the IPAQ in comparison to 
accelerometer assessed physical activity is poor (median ρ=0.3) (Craig et al., 2003). 
Although it has been noted that self-report measures of physical activity are prone to 
measurement error and adults have been shown to over-report physical activity levels 
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using the IPAQ (Rzewnicki et al., 2003) the validity of the IPAQ is similar to other self-
report measures of physical activity (Sallis & Saelens, 2000) such as the Godin 
exercise leisure time questionnaire (median ρ=0.31) (Godin & Shephard, 1985).  
 
Scoring protocols outlined by the questionnaire developers (International Physical 
Activity Questionnaire, 2005) were followed to obtain both a continuous and 
categorical PA score. For the categorical score “high” activity levels are categorised 
as: vigorous intensity activity on ≥3 days per week of at least 20 minutes per day and 
achieving 1500 MET·min of physical activity or 7 or more days of a combination of 
walking, moderate intensity or vigorous intensity activities and ≥3000 MET·min of 
physical activity. “Moderate” activity levels are defined as 3 or more days of vigorous-
intensity activity of at least 20 minutes per day or 5 or more days of moderate-intensity 
activity and/or walking of at least 30 minutes per day, or 5 or more days of any 
combination of walking, moderate-intensity or vigorous intensity activities achieving a 
minimum of at least 600 MET·min per week. “Low” activity levels are defined as not 
achieving the moderate or vigorous intensity activity guidelines. 
 
5.2.3.3 Blood Pressure 
 
Blood pressure was measured using an OMRON M6 AC (HEM-7322-E) monitor 
(Omron Healthcare UK, Milton Keynes, UK). This monitor has been validated for 
clinical and personal use, using the European Society of Hypertension International 
protocol (Takahashi et al., 2010). Following the guidelines outlined by the European 
Society of Hypertension (O'Brien et al., 2010), participants were required to have 10 
minutes of seated rest before the standard sized Omron cuff (22 to 32cm) was placed 
tightly on the participant’s upper left arm. During the measurement participants sat 
quietly with their arm resting on a table at 90°. Three readings were taken with at least 
30 seconds rest between each reading, and the average of the three was calculated. 
The data taken and used in the analysis was pre- and post-exercise SBP and DBP.  
 
5.2.3.4 Heart rate 
Second-to-second heart rate monitoring was conducted throughout each exercise 
session using wrist-worn monitors (Polar A360, Polar Electro, Kempele, Finland). 
Wrist-worn monitors were used in place of chest-worn monitors because it was 
envisaged that similar monitors would be used in the planned BE@Work intervention 
since they can be easily and quickly applied and removed. This would minimise 
disruption to exercise sessions and employees’ working day. Early work aiming to 
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validate the A360 demonstrated moderate validity (ICC 0.52 and mean absolute 
percentage error 19%) compared with electrocardiogram assessed heart rate during 
exercise of various intensities (Boudreaux et al., 2018). Although this was similar to 
the seven other wrist-worn heart rate monitors assessed in the same study (median 
ICC: 0.58), the participants wore four wrist-worn heart rate monitors on each arm 
simultaneously during the validation protocol. This is questionable as the monitors 
use optical sensing to measure blood volume directly beneath the surface of the skin 
(Stahl et al., 2016), and wearing a number of wrist-worn devices around the arm could 
feasibly impact on blood flow. A more recent study demonstrated a strong level of 
agreement between the A360 and a previously validated chest-worn heart rate 
monitor (ICC: 0.98, standard error of measurement 0.35) (Rider et al., 2019).  
 
Age predicted HRmax was calculated for each participant using the Tanaka equation 
(208-0.7*age in years) (Tanaka et al., 2001). If a participant exceeded this predicted 
value during any HIT session conducted as part of this study their HRmax was 
amended to the higher observed value (Weston et al., 2004). A cut-off point of ≥85% 
of age-predicted HRmax was used as the criterion for high-intensity exercise, based 
on the definitions of HIT described by Weston et al., (2014a). This criterion was used 
to confirm the intensity of the exercise rather than prescribe it, and participants were 
not made aware of what 85% of their HRmax corresponded to. Following each exercise 
session, individual participant heart rate files were downloaded into the Polar Flow 
software (Polar Electro, Kempele, Finland). The data taken and used in the analysis 
was the highest 1 second value from each high-intensity bout, expressed as a 
percentage of the participants’ age predicted HRmax for each exercise modality. 
Additionally, time spent at ≥85 %HRmax was calculated for each exercise modality. 
 
5.2.3.5 Ratings of Perceived Exertion 
Rating of perceived exertion (RPE) was measured using the Borg CR-10 scale (Borg, 
1998). This scale ranges from ‘‘nothing at all’’ (0) to ‘‘absolute maximum’’ (10) and 
has been established as a reliable and valid measure of physical exertion during 
exercise (test-retest; Spearman’s ρ= 0.92, concurrent validity with heart rate 
Spearman’s ρ=0.91) (Borg, 1998). Each participant was familiarised with the CR-10 
scale and the concept of RPE during the familiarisation sessions as recommended 
by Borg (1998). The RPE familiarisation protocol and CR-10 RPE scale are shown in 




RPE was measured within 15 seconds of the end of each high-intensity bout (referred 
to herein as bout RPE), and session RPE was taken following a 2 minute cool down. 
Bout RPE was administered using the following prompt every time: “How physically 
demanding was the entire minute, from start to finish?”. Session RPE was 
administered using the following prompt every time: “How physically demanding was 
the entire session from start to finish?”. The data taken and used in the analysis 
comprised of four individual bout RPEs and one session RPE for each HIT modality. 
 
5.2.3.6 Affect 
Affect was assessed using the Positive and Negative Affect Schedule (PANAS) 
(Watson et al., 1988). The PANAS is a self-report questionnaire which comprises ten 
positive affect states and ten negative affect states that participants rate on a five 
point Likert scale ranging from very slightly or not at all (1) to extremely (5). The 
PANAS is a reliable measure of both positive and negative affect (test-retest 
Cronbachs alpha 0.86 to 0.90 for positive and 0.84 to 0.87 for negative affect) 
(Watson et al., 1988). However when used with appropriate instructions (e.g. today 
or this week) it is also sensitive to fluctuations in acute affect states (Watson et al., 
1988).  
 
The PANAS measures positive and negative affect independently such that the sum 
of all negative affect states is calculated to give a total negative affect score with the 
same procedure applied for all positive affect states. Possible scores for both positive 
and negative affect states range from 10-50, with higher scores indicating higher 
positive or negative affect. The instructions printed on the paper based form 
preceding the scale items were: “This scale consists of a number of words that 
describe different feelings and emotions. Read each item and then indicate on the 
scale below next to each word to what extent you feel this way right now, that is, at 
the present moment”. This instruction was not modified from the originally validated 
scale (Watson et al., 1988). As the scale developers did not provide guidance on 
scale familiarisation (Watson et al., 1988), in the present study participants were 
shown the PANAS in the familiarisation session. Here the administration instruction 
stated above was read aloud and participants were given the opportunity to read the 
scale and ask the thesis author questions.  
 
The PANAS was administered at three time points in each HIT session: pre-exercise 
(during the 10 minutes of seated rest required before blood pressure measurement) 
post-exercise (when heart rate had returned to ±10 beats per minute (BPM) from 
145 
 
when participants arrived at the laboratory) and 60 minutes post-exercise. The 
assessment criterion for the timing of affect assessments post-exercise (i.e. when 
heart rate had returned to ±10 BPM from when participants arrived at the laboratory) 
was suggested by Blanchard et al., (2001) to alleviate concerns described by Thayer 
(1996) regarding the impact that physiological arousal (as occurs during exercise) 
has on affective state. Post-exercise recovery time from physiological arousal is 
moderated by fitness level (Foss et al., 1998); therefore Blanchard et al., (2001) 
recommended that administration of post-exercise affect scales are linked to a 
physiological marker of recovery (such as heart rate), in an effort to ensure that 
participants of different fitness levels are at a similar stage of recovery (or arousal) 
when the scales are administered. The PANAS was also administered 60 minutes 
post-exercise in light of work demonstrating that changes in psychological responses 
to HIT can be detected up to 60 minutes post-exercise (Stork et al., 2015) . The 
questionnaires intended to be administered 60 minutes post-exercise were given to 
the participants, with an exact completion time, as they left the laboratory following 
each HIT session. The reason for this was two-fold, firstly to reduce participant burden 
and prevent them having to remain in the laboratory for an extended period of time 
and secondly participants were able to return to work therefore more closely 
simulating what would happen in a workplace intervention setting. Data taken and 
used in the analysis were the change in positive and negative affect sum scores from 
pre-exercise, post-exercise and 60 minutes post-exercise for each exercise modality. 
The PANAS questionnaire can be found in Appendix I).  
 
5.2.3.7 Enjoyment 
Enjoyment was assessed using the Physical Activity Enjoyment Scale (PACES) 
(Kendzierski & DeCarlo, 1991). The PACES is a self-report questionnaire with 11 
negatively worded and seven positively worded items that participants’ rate on a 
seven point bipolar scale (from one to seven). The administration instructions 
preceding the scale items were: “please rate how you feel at the moment about the 
exercise session that you completed today”. This instruction was modified slightly 
from the originally validated scale which states “please rate how you feel at the 
moment about the physical activity that you have been doing”. Such modifications 
were deemed appropriate by the scale developers (Kendzierski & DeCarlo, 1991). To 
score the PACES, the scores for the seven positively worded items are reversed and 
the scores of all items are then summed to give an overall score. Possible scores 
range from 18-126, with higher scores indicating higher enjoyment. A procedure for 
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familiarisation with this scale is not described by the scale developers (Kendzierski & 
DeCarlo, 1991). However during the familiarisation sessions the participants were 
shown the PACES, the administration instruction stated above was read aloud, and 
participants were reminded that the positively and negatively worded items were not 
always on the same side of the scale, therefore care should be taken to ensure they 
are indicating the correct side of the scale in their responses (e.g. the first item reads 
“I enjoyed it and I hated it” whereas the second item reads “I felt bored and I felt 
interested”). Following this, participants were given the opportunity to ask questions.  
 
The PACES was administered with the PANAS at two time points: post-exercise when 
heart rate had returned to within ±10 BPM from when participants arrived at the 
laboratory, and 60 minutes post-exercise. Administration timing of the PACES was 
aligned with the administration of the PANAS, as described previously. In contrast to 
the PANAS, PACES was not administered pre-exercise because participants are 
unable to prospectively assess their enjoyment of the HIT modality. Data taken and 
used in the analysis was the total PACES score from both time points (post-exercise 
and 60 minute post-exercise) for each HIT modality. Questionnaires were 
administered in the same order at both post-exercise data collection points (PANAS 
then PACES).  The PACES questionnaire can be found in Appendix J).  
 
5.2.4 Protocol 
Participants were advised to arrive well rested and drink plenty of fluids in the 24 
hours before their appointment on each occasion, they were also advised to avoid 
eating a heavy meal or drinking alcohol and caffeine for 3 hours before and avoid 





5.2.4.1 Session 1: Familiarisation 
The first session was a familiarisation session that included informed consent 
procedures, pre-exercise screening, assessment of anthropometric variables, 
assessment of habitual physical activity (IPAQ) and familiarisation with RPE, PANAS, 
PACES and HIT.  
 
The explanation of HIT was standardised across all participants and based on the 
definition of HIT provided to participants of the formative evaluation in Chapter Four. 
Participants were informed that they should work as hard as they could in each high-
intensity bout, which would always be followed by a rest period. They were informed 
that their heart rate and breathing would increase substantially such that by the end 
of each high-intensity bout they should feel that they needed a rest and may find it 
difficult to speak in full sentences. To familiarise the participants with high-intensity 
exercise, following a 5 minute warm up comprising of power walking or jogging around 
the laboratory and practice with the boxing and stepping techniques, participants 
completed one 60 second bout each of stair climbing, stepping and boxing (3x 60 
seconds of exercise in total), with 75 seconds rest between each modality. 
Participants were encouraged to work maximally during each of the three high-
intensity bouts.  
 
5.2.4.2 Session 2-4: High-intensity interval exercise 
After the familiarisation session participants were randomised by another researcher 
using random number generation to sequences in which they were exposed to the 
three HIT modalities (stair climbing, stepping and boxing). Participants were informed 
of which condition they would be conducting immediately prior to commencing the 
exercise on each occasion, following pre-exercise blood pressure measurement and 
scale administration. Exercise sessions were conducted at the same time of day (±2 
hours) as the familiarisation session. The protocol for data collection during sessions 





Figure 10 Sessions 2-4 data collection protocol 
 
    
 
In the remaining three data collection sessions, participants completed one modality 
per session following a HIT protocol (4x 60secs of exercise interspersed with 75 secs 
of recovery). An outline of the exercise in each modality is presented in Table 23. The 
HIT sessions were supervised by the thesis author who administered all of the scales 
and strongly encouraged participants to work maximally during each high-intensity 
bout.  
Table 23 Example HIT drills for each exercise modality 
Modality focus Example drill 
Boxing  20 fast jabs/ upper cuts/ hooks on the focus pad and shuttle 
run/ power walk to the end of the laboratory and back or 10 
jumping jacks 
20 knees to the punch pads and shuttle run/ power walk to 
the end of the laboratory and back or 10 jumping jacks 
Stair climbing Continuously ascending stairs in a 10 storey office tower 
Stair stepping Continuously stepping onto and off a single step 
 
The HIT protocol that was explained to participants of the formative evaluation 
presented in Chapter Four (4x 60 second intervals with 60 seconds rest) was 
originally intended to be used in the present study. However, although the length and 
number of high-intensity repetitions was not modified from the originally described 
protocol, the rest period was extended from 60 seconds to 75 seconds. The intention 
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was to use the same HIT protocol in the larger scale BE@Work trial which would 
likely incorporate group based exercise sessions. If boxing were to be used in a 
group-based exercise session participants would have to exercise in pairs, with one 
partner holding the contact pads during their rest period, while the other partner was 
completing their high-intensity bout. If a 1:1 work to rest ratio was use in these 
sessions, the start of each high-intensity bout would be compromised when the 
participants had to change from wearing the boxing gloves to holding the pads. 
Therefore the decision was made to extend the rest period by 15 seconds to allow 
participants time to change gloves and pads. In order to standardise the HIT protocol 
between the modalities, the same protocol was used for all three HIT modalities.  
Similar low volume HIT protocols have been used successfully in diabetic populations 
(Little et al., 2010) and individuals with other cardiometabolic risk factors (Phillips et 
al., 2017). The high-intensity protocol was preceded by a standardised 5 minute 
warm-up using exercises similar to that included in the high-intensity bouts and was 
followed by a 2 minute cool down. The total exercise session time including warm-up, 
cool down and rest periods was 14 minutes and 45 seconds. 
 
5.2.4.3 Exercise modalities 
Stair climbing involved continuously ascending a public access staircase (10 floors), 
in a university owned building nearby to the laboratory (Figure 11). Stepping cadence 
was self-selected by the participant. The rest period involved descending the 
staircase and slow walking on flat ground at the participant’s self-selected pace. If a 
participant reached the top floor before the end of a high-intensity bout they were 
instructed to descend to the nearest floor and step up and down off the bottom step 
for the remaining time, until the next rest period. This was done to prevent participants 




Figure 11 Example of stair climbing HIT mode 
 
Stair stepping involved continuously stepping on to and off an exercise bench in an 
“up, up, down, down” command pattern (Figure 12). The step height (15, 20, 25 or 
30cm) was selected by the thesis author based on participants age and usual activity 
level, as per guidance for the Chester step test (Buckley et al., 2004). Participants 
were encouraged to ensure their whole foot was on the exercise bench for each step, 
to avoid trips. Stepping cadence was self-selected by the participant and the rest 




Figure 12 Example of stair stepping HIT mode 
 
Boxing involved continuously punching “punch pads” held by the thesis author (Figure 
13). Prior to the study commencing, the thesis author received training from a 
registered Boxercise™ instructor on how to safely execute and teach basic boxing 
movements and the punches and leg movements included were jabs, upper cuts, 
hooks and knees. The boxing cadence was self-selected by the participant. The 
recovery period involved slow walking on flat ground at the participants self-selected 
pace. During the boxing sessions each 20 punches were interspersed with running 
or power walking to the end of the laboratory and back or jumping jacks, to prevent 





Figure 13 Example of non-contact boxing HIT mode 
 
   
5.2.5 Statistical Analysis 
Plots of the model residuals versus the predicted values were visually inspected by 
the thesis author and one other researcher. The residual plots of all analyses were 
correctly specified (uniform variance and normal distribution of residuals), so the 
analyses of the raw, untransformed data were deemed appropriate. All data are 
presented as mean ±SD, with uncertainty in the estimates expressed as 90% 
confidence intervals.  
 
Data were analysed using linear mixed modelling (SPSS v.25, Armonk, NY: IBM 
Corp) with fixed effects (HIT mode) specified. In addition, for blood pressure and 
affect data pre-exercise values were used as a co-variate. As there was no pre-
exercise measure of enjoyment which would permit a linear mixed model to be 
applied with pre-exercise values used as a co-variate, only descriptive data (mean 




Magnitude based inferences (Hopkins et al., 2009) were used to help interpret the 
clinical relevance of the 90% confidence intervals for between-mode differences in 
heart rate, RPE and enjoyment data. For blood pressure and affect data both changes 
from baseline and between-mode differences in the change from baseline were 
established and interpreted using magnitude based inferences. This process was 
completed for each variable using a custom-made spreadsheet designed to derive a 
confidence interval and either a non-clinical (heart rate, RPE, affect and enjoyment) 
or clinical (blood pressure) inference from a p-value derived from the linear mixed 
model (Hopkins, 2007). For non-clinical inferences, the spreadsheet gives the 
chances (expressed as probabilities) that the true value is either meaningful (positive 
or negative) or trivial. For clinical inferences the spreadsheet gives the chances that 
the true value is either beneficial, trivial or harmful.  The chance of the difference 
being meaningful vs. trivial or harmful vs. beneficial was interpreted using the 
following scale of qualitative descriptors: 25-75%, possibly; 75-95%, likely; 95-99.5%, 
very likely; >99.5%, most likely (Batterham & Hopkins, 2006). Given the pilot nature 
of the study and the small sample size, effects were only declared meaningful when 
the probability likelihood for the effect was ≥75% (i.e., likely) and the qualitative 
inference was either beneficial/ harmful or positive/ negative (i.e. a likely trivial effect 
although has a probability of ≥75%, a trivial effect would not be considered 
meaningful.  
 
Threshold values for minimal important differences were: 
 Two percentage points for heart rate, based on the findings of a trial 
demonstrating differences in the magnitude of physiological adaptations 
following training programmes at different intensities (i.e. the smallest 
difference in exercise intensity was 2 percentage points of %HRmax) (Seiler et 
al., 2013).  
 One Arbitrary Unit (AU) was selected for RPE. In the absence of a robust 
anchor for RPE, a standardised approach can be adopted where 0.2 of the 
standard deviation is taken as the minimal important difference (Cohen, 
1988). However, for RPE data a standardised approach often results in the 
use of values that are not practically useful when considering the smallest 
detectable difference on an RPE scale. For example, in the case of the CR-
10 scale, a change of one AU refects the smallest practical value that can be 
detected on the scale (i.e. a change of one AU would indicate a change from 
the qualitative descriptor of “easy” (2 AU) to “moderate” (3 AU)).   
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 4.8 mmHg for SBP and 3.2 mmHg for DBP based on the findings of a meta-
analysis demonstrating the acute effect of moderate intensity continuous 
exercise on blood pressure  (Carpio-Rivera et al., 2016).  
 In the absence of a robust anchor for the PANAS data, the minimal important 
difference was defined as 7.5 AU for both the positive and negative affect 
scales. A change of 7.5 AU would represent a one point change in 75% of 
the scale items on the 10 point composite positive and negative affect scales. 
Similarly, the minimal important differences for PACES data was defined as 
13 AU because this would represent a one point change in 75% of the scale 
items.  
Threshold values for minimal important differences were established and agreed a 
priori.  
 
5.2.5.1 Sensitivity analysis 
Inspection of the residual plots identified three outliers for post-exercise negative 
affect and one outlier for 60 minute post-exercise negative affect. Sensitivity analyses 
were conducted by removing the outliers from the model; however, given that removal 
did not have a substantial impact on the effect or the precision of the estimates, the 
decision was made to include the outliers in the model.  
 
Some of the PANAS (n=5/45) and PACES (n=6/45) questionnaires that were intended 
to be self-administered by the participants at 60 minutes post-exercise were not 
included in the analysis because participants forgot to complete them.  
 
5.3 Results 
Participant flow through the study is shown in Figure 14. Across the study, 15 
participants (n=8 males) received each of the HIT conditions and were included in the 
analysis (mean ±SD age: 39 ±11 years; BMI 24.9 ±3.4 kg·m2). Participants undertook 
a mean (±SD) of 1795 ±1271 MET.min-1 of physical activity in the previous 7 days. 
Two, eight and five participants were categorised in the low, moderate and high 
physical activity categories, respectively.  
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5.3.1 Exercise Intensity Quantification 
Heart rate traces from 45 HIT sessions were collected, compromising 180 high-
intensity bouts. The mean (±SD) peak heart rate across the four high-intensity bouts 
for each modality was 85 ±8% HRmax for stair climbing, 86 ±7% HRmax for stepping 
and 85 ±5% HRmax for boxing, with no meaningful between-mode differences (stair 
vs. step  -1 % HRmax [90% CI -3.6 to 1.4% HRmax], box vs. stair -0.06 % HRmax [90% 
CI -2.5 to 2.6 % HRmax], box vs. step -1 % HRmax [90% CI -3.7 to 1.4 % HRmax]). Figure 
15 and Figure 16 show the mean peak heart rates and bout-by-bout mean peak heart 
rates, respectively, across the three HIT modes along with individual data points to 
illustrate variability around the mean. Figure 17, Figure 18 and Figure 19 show mean 
heart rates throughout each HIT session. During the HIT sessions, participants spent 
a mean (±SD) of 129 ±138 seconds (equivalent to 2 minutes, 9 seconds), 143 ±161 
seconds (equivalent to 2 minutes 23 seconds) and 92 ±101 seconds (equivalent to 1 
minute 32 seconds) with heart rates corresponding to ≥85%HRmax for stair climbing, 




Figure 15 Mean peak heart rate for each HIT mode (closed triangles) and 
individual participant mean peak heart rate for each HIT mode (open circles). 





Figure 16 Mean peak heart rate for each high-intensity bout for each HIT mode 
(closed triangles) and individual participant peak heart rate for each high-
intensity bout for each HIT mode (open circles). Dashed line indicating criterion 
for high-intensity work (85% HRmax). 
 
Mean session RPE (±SD) was 7 ±3 AU for stair climbing, 7 ±3 AU for stepping and 6 
±2 AU for boxing. An RPE value of 7 corresponds to the qualitative descriptor “very 
hard” and an RPE value of 6 is between the qualitative descriptors of “hard” and “very 
hard” on the CR-10 scale. There was no meaningful difference in RPE between stair 
climbing and stepping (0.07 AU 90% CI -0.9 to 1 AU), however RPE was lower for 
boxing compared with both stair climbing (-2 AU 90% CI: -1 to -3 AU) and stepping (-
2 AU 90% CI: -1 to -3 AU).  Figure 20 and Figure 21 show mean session RPE and 
bout RPE, respectively, across the three HIT modes along with individual data points 




Figure 17 Mean heart rate (white line) and standard deviation (grey shading) 
throughout the stair climbing session. 
 
Figure 18 Mean heart rate (white line) and standard deviation (grey shading) 





Figure 19 Mean heart rate (white line) and standard deviation (grey shading) 
throughout the boxing sessions. 
 
Figure 20 Session RPE for each HIT mode (closed triangles) and individual 































Figure 21 RPE for each high-intensity bout for each HIT mode (closed triangles) 






5.3.2 Blood pressure 
The mean change in SBP and DBP for each HIT mode is shown in Table 24. There 
were no meaningful differences in SBP or DBP responses from baseline or between 
modes (Table 25).  






















Stair 119 ±10 -1 [-5 to 2] Likely 
trivial  
76 ±7 1 [-2 to 4] Likely 
trivial 
Step 119 ±10 -1 [-5 to 2] Likely 
trivial 
75 ±8 1  [-1 to 4] Likely 
trivial 
Box 120 ±12 -1 [-5 to 2] Very likely 
trivial  
75 ±9 -2 [-5 to 1] Likely 
trivial 
 
Table 25 Between-mode differences in change in blood pressure  
 Mean between 
mode differences 
SBP (mmHg) [90% 
CI] 
Inference Mean between 
mode differences 





































There were no meaningful changes from baseline (Table 26) or between-mode 
differences (Table 27) in positive and negative affect scores at post-exercise and 60 
minute post-exercise time points. 
Table 26 Baseline to post-exercise and 60 minute post-exercise changes in affect 
scores 































































13 ±2 -0.6 [-2 























































Table 27 Post-exercise and 60 minute post-exercise between-mode differences in affect 
scores 























































































































5.3.4 Enjoyment  
The mean (±SD) post-exercise PACES score was 97 ±24 AU, 102 ±17 AU, and 108 ±13 AU 
for stair climbing, stepping and boxing, respectively. There were no meaningful between-mode 
differences in enjoyment scores, post-exercise (stair vs. step -5 AU [90% CI -13 to 2 AU], box 
vs. stair 11 AU [90% CI 3 to 19 AU], box vs. step 5 AU [-3 to 13 AU]). Mean (±SD) 60 minute 
post-exercise PACES score was 96 ±24 AU, 107 ±16 AU and 109 ±14 AU for stair climbing, 
stepping and boxing, respectively. There were no meaningful between-mode differences in 
enjoyment scores at 60 minutes post-exercise (stair vs. step 9 AU [90% CI -17 to -2 AU], box 
vs. stair 11 AU [90% CI 4 to 17 AU], box vs. step 2 AU [-5 to 9 AU]). 
 
5.4 Discussion 
The intensity of exercise is critical for promoting training related adaptations (MacInnis & 
Gibala, 2017). Therefore prior to the incorporation of novel exercise modes into a training 
programme, the intensity of the prescribed exercise should be quantified. Furthermore, 
positive psychological responses to exercise such as favourable changes in affect or 
enjoyment responses are critical for sustained exercise participation (Cocks et al., 2013). 
Accordingly, the aim of this study was to explore the capacity for novel modes of HIT, based 
on stair climbing, stepping and boxing, to elicit a high-intensity exercise response and to 
assess the psychological responses to these modes of HIT.  
 
Mean peak heart rate recorded across the three HIT modes (85 ±8 % HRmax, 86 ±7 % HRmax 
and 85 ±5 % HRmax for stair climbing, stepping and boxing, respectively) were indicative of 
high-intensity exercise (e.g. ≥85% HRmax), with no meaningful differences between modes. 
Heart rates in the present study were slightly lower than peak heart rates observed using 
similar low-volume HIT protocols involving 8-10x 60 second high-intensity bouts on cycle 
ergometers (range 90-95% HRmax) (Olney et al., 2018; Skelly et al., 2014; Wood et al., 2015). 
Although this could be because of the lower number of repetitions in the present study, it could 
also be because the intensity of the modalities of exercise in the present study cannot be 
manipulated in the same manner as electronically braked cycle ergometers and therefore the 
exercise was ultimately self-paced. Despite this, the findings suggest that the HIT protocol 
applied is capable of eliciting a high-intensity stimulus and therefore each of the novel modes 
of HIT could be incorporated into a HIT programme. As there were no meaningful differences 
in heart rate responses between modes, this suggests that the modes could be used 
interchangeably within a programme without compromising the intensity of the prescribed 
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exercise. This finding is of particular significance to the present programme of work because 
participants of the formative evaluation (Chapter Four) identified ‘choice’ and ‘variety’ in HIT 
sessions as of particular importance for sustained engagement within a workplace HIT 
programme. Therefore in the planned BE@Work programme, participants will be provided 
with a choice between the three exercise modalities both within and between HIT sessions.  
 
When comparing Figure 16 and Figure 21 which demonstrate peak heart rate and RPE over 
each high intensity bout for each modality, it is observed that while RPE increases linearly 
over each bout, with the exception of the step modality, heart rate does not follow this 
pattern. This pattern is unexpected because RPE and physiological markers of exercise 
intensity, such as heart rate, have been shown to be highly correlated during exercise 
(Scherr et al., 2013). While reasons for the difference in the observed trends in mean RPE 
and mean peak heart rate across the modes in the present study are likely multifaceted, one 
potential explanation could have been that localised muscular fatigue may have occurred for 
some modalities more than others, which the participants may have considered in their 
perceived exertion responses. As the exercise was ultimately self-paced (participants were 
not given a target “work-load” but were instructed to work maximally during each high-
intensity bout), participants could have changed their pace which may have affected the 
physiological responses across the HIT session. However, given the data collected in the 
present trial these explanations are purely speculative. To further investigate the effect of 
localised muscular fatigue during novel HIT modalities,  differential rating of perceived 
exertion scales could be used in future trials which separately assess lower body exertion, 
upper body exertion and central exertion (breathlessness) (McLaren et al., 2017). 
 
Participants spent an average of 1 minute 30 seconds for boxing, 2 minutes 9 seconds for 
stair climbing and 2 minutes 23 seconds for stair stepping with heart rate at or above the high-
intensity criterion of ≥85% HRmax, over the four 60 second high-intensity bouts conducted in 
each HIT session. There is no established cut-point or guideline for the total amount of time 
individuals should spend with heart rates corresponding to high-intensity work for HIT 
protocols. This data were provided for illustrative purposes, however it cannot be compared 
to the findings of other work and future studies could include this data to inform the 




The intensity of the HIT protocol applied was perceived as ‘hard’ to ‘very hard’ on the CR-10 
scale (mean RPE values 6-7 AU), which are similar to mean RPE values reported following 
low-volume HIT protocols conducted on cycle ergometers (between ‘hard’ and ‘very hard’) 
(Olney et al., 2018; Wood et al., 2015). Although peak heart rate responses did not differ 
across modes, RPE was lower for boxing when compared with both stair climbing and 
stepping. Although the data collected as part of this study cannot elucidate the reason for this 
finding, given that boxing was the most technical modality, it is plausible that if participants 
were unfamiliar with boxing and therefore had to concentrate on the technique, this may have 
distracted them from subjective feelings of exertion. The lower amount of time spent with heart 
rates indicating high-intensity work in the boxing modality (1 minute 32 seconds compared 
with 2 minutes 9 seconds and 2 minutes 32 seconds for stair climbing and stepping, 
respectively), could add further support to the hypothesis that the technical aspect of boxing 
may compromise the exercise intensity. Further longer term work is needed to assess if the 
perception of exertion and heart rate responses during boxing HIT change as participants gain 
experience in the modality.  
 
A minor modification was made to the planned HIT protocol for the BE@Work programme 
based on the findings of this study. The final high-intensity bout of the boxing HIT session 
required participants to kick the punch pad with their knees twenty times followed by a run or 
power walk to the end of the laboratory, which was repeated for the duration of the high-
intensity bout. However, as demonstrated in Figure 21, mean bout RPE values generally 
increased across the high-intensity bouts for each modality, but the final bout of boxing did not 
follow this trend. Although anecdotal, participants reported that the intensity of the bout was 
compromised because they felt unable to maintain their balance while performing the kicking 
exercise. For this reason kicking was removed from the protocol that was planned for the 
BE@Work programme.  
 
Although acutely exercise has been shown to reduce SBP by 5 mmHg and DBP by 3 mmHg 
in both normotensive and hypertensive individuals (Carpio-Rivera et al., 2016), in the present 
study there were no meaningful changes in blood pressure post-exercise. Although this is an 
unexpected finding given that exercise at higher intensities has been shown to cause larger 
reductions in SBP (Carpio-Rivera et al., 2016), this could be a reflection of the limitations in 
the assessment tool used. Although the automatic blood pressure monitor used has been 
appropriately validated for use in clinical settings (Takahashi et al., 2010), it may not have 
168 
 
been sensitive enough to detect acute fluctuations in blood pressure (O'Brien et al., 2010). A 
Portapres device is an alternative non-invasive technique that can be used to assess blood 
pressure (Wesseling et al., 1993). This small finger-worn device can continuously measure 
arterial blood pressure. Although due to the cost of this equipment it was not feasible to use a 
Portapres device in the present study, future laboratory-based studies aiming to assess acute 
blood pressure responses to novel HIT modes could use a Portapres device to continuously 
monitor blood pressure before, during and after HIT.  
 
No meaningful changes from baseline or between-mode differences in positive or negative 
affect were detected in the present study. Shepherd et al., (2015) reported a significant 
improvement in PANAS assessed positive affect (0.21 AU, p=0.0001) and negative affect (-
0.13 AU, p=0.05) in the HIT group following a previously described workplace HIT intervention. 
However scores were presented using a 1-5 scale as opposed to the 10-50 scale described 
by the developers (Watson et al., 1988). Although direct comparison of their findings are 
precluded, the improvement in affect noted by Shepherd et al., (2015) indicates that a training 
intervention, as opposed to an acute HIT session, may be required to observe improvements 
in affect using the PANAS. Furthermore, baseline affect scores of participants in the present 
study (positive affect 33-34 AU, negative affect: 12-14 AU) were similar to normative PANAS 
values for healthy individuals (mean positive affect: 31 AU and mean negative affect: 16 AU) 
(Crawford & Henry, 2004), which may explain the lack of effect.  
 
In the present study post-exercise and 60 minute post-exercise enjoyment scores ranged from 
96 AU to 109 AU out of a possible 126 AU, with no meaningful between-mode differences 
detected. As a mean PACES score of 98 AU has been linked to the descriptor of “enjoyable” 
(Tew et al., 2017), data from this study suggests the participants perceived HIT as enjoyable. 
However, the large standard deviations of the post-exercise enjoyment scores (±24, ±17 and 
±13 for stair climbing, stepping and boxing respectively) indicate variation in the perceived 
enjoyment of the HIT modes. Although given the analysis performed, the meaningfulness of 
this variation cannot be explored further. Furthermore, despite evidence to suggest that 
changes in psychological responses to HIT can be detected up to 60 minutes post-exercise 
(Stork et al., 2015) , enjoyment scores were similar at both post-exercise and 60 minutes post-
exercise time points in the present study suggesting that on reflection, perceptions regarding 
the enjoyment of the HIT sessions did not change. Enjoyment scores in the present study 
were similar or higher than previously published HIT studies. For example in a recent meta-
169 
 
analysis of seven HIT trials, Oliveira et al., (2018) reported PACES assessed enjoyment 
scores ranging from 80 ±5 AU (Jung et al., 2014) to 104 ±9 AU (Thum et al., 2017) in a range 
of participants from recreationally active healthy men (Bartlett et al., 2011) to physically 
inactive obese women (Decker & Ekkekakis, 2017). However all of the HIT protocols applied 
across these studies were conducted on treadmills or cycle ergometers, therefore the higher 
enjoyment scores in the present study could reflect differences in exercise modalities, 
although further work is needed to confirm or refute these findings.  
 
5.4.1 Limitations 
Although the findings of this study indicate that stair climbing, stepping and boxing can be 
incorporated interchangeably into a HIT protocol, it is acknowledged that this study is not 
without limitations. A major limitation of this study is the use of age predicted HRmax for 
quantifying participants’ responses to the HIT protocols. As previously described in Chapter 
Two, this is potentially problematic because of the between-subject variation in true HRmax (~7 
to 11 BPM) (Tanaka et al., 2001). Given that the confirmation of the intensity of the prescribed 
exercise was based on age predicted HRmax, this could have led to misclassification of the true 
intensity of the exercise. However the purpose of this study was to further develop the HIT 
protocol that would eventually be used in the BE@Work programme. It has been suggested 
that the use of predicted as opposed to actual HRmax in real-world HIT trials improves the 
potential for the translation of HIT to settings outside of the laboratory, because it is not 
practical or feasible that all individuals complete maximal exercise test before engaging in this 
form of exercise (Scott et al., 2019). Indeed it was deemed unlikely that a CPET could be 
undertaken in a workplace in order to establish true HRmax, and to more closely simulate the 
planned intervention age predicted HRmax was used in the present study. Future work aiming 
to quantify the heart rate response to novel modes of HIT in a laboratory could seek to 
establish true HRmax via a maximal cardiopulmonary exercise tests.  
 
Secondly, it is acknowledged that this was a small sample of mostly moderately or highly 
active participants, according to self-report physical activity levels. Therefore it cannot be 
known if the findings would have differed if the sample were predominantly inactive at 
baseline. Nevertheless, as adults have been reported to overestimate physical activity levels 
using self-report measures (Rzewnicki et al., 2003), it is possible that participants in this 
sample were less active than they perceived. Although some previous HIT trials have excluded 
participants who were physically active at baseline (Lunt et al., 2014; Shepherd et al., 2015), 
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the decision was made not to exclude active participants in the present study because a range 
of inactive and active individuals are likely to be present in a workplace, and excluding certain 
individuals from workplace-based activities may not be perceived favourably by organisations. 
The intention was to invite all employees within participating organisations to the BE@Work 
programme regardless of activity level at baseline, therefore the same procedures were 
enacted in the present study to simulate this. Future studies could seek to recruit more inactive 
or unfit participants at baseline in order to assess psychological responses in a broader range 
of participants. 
 
In this study, participants were asked to complete affect (PANAS) and enjoyment (PACES) 
questionnaires 60-minutes after completing each of the three acute HIT sessions. To reduce 
participant burden and to more closely simulate a workplace HIT session, participants were 
not required to stay in the laboratory for 60 minutes after their HIT session, but were given the 
questionnaires to complete in their own time. Although participants were asked to set an alarm 
reminder on their mobile phone before leaving the laboratory, nonetheless this resulted in 
some missing data (n=5/45 for PANAS and n=6/45 for PACES). Although the presence of 
missing data necessitates caution when interpreting the 60-minute post-exercise mood and 
enjoyment data, the missing data constitutes a minimal percentage of total data (11 and 13%). 
Future studies could request that participants remain in the laboratory for 60-minutes following 
exercise to avoid missing data.  
 
While the PANAS and PACES questionnaires were conducted in the same order at each data 
collection time-point to standardise the delivery protocol, it is acknowledged that order effects 
(where the order of questions impacts on participant responses) (Sudman & Bradburn, 1983) 
may have been reduced if the order of questionnaires were randomised. Furthermore, the 
completion of the PANAS and PACES questionnaires required participants to complete 38 
individual questions at each data-collection time point. It is acknowledged that this may have 
resulted in questionnaire or response fatigue, which occurs when participants respond to 
survey questions but do not provide truthful or consistent responses to reduce the burden of 
answering questions (Egleston et al., 2011).  It cannot be ruled out that both order effects and 
questionnaire fatigue may have impacted on the results of this study and therefore the findings 
should be interpreted with caution. To avoid these issues in future trials, the order of 
questionnaires could be randomised to avoid order effects, and the questionnaires could be 
interspersed throughout the data collection procedures to avoid questionnaire fatigue.  
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Floor and ceiling effects occur when a considerable proportion (≥15%) of participants score at 
either the highest or lowest extreme of the scale (Ehrenbrusthoff et al., 2018). Floor and ceiling 
effects were investigated for the PANAS and PACES data by assessment of the positive and 
negative affect scores at all assessment time points. Although there was no evidence of floor 
or ceiling effects for the positive affect or PACES scores, there was evidence of a floor effect 
for the negative affect score; where 60%, 75% and 64% of participants scored the lowest 
possible score for negative affect at the pre-, post-, and 60 minutes post-exercise time points, 
respectively. This indicates that the PANAS may not be suitable to discriminate meaningful 
differences between participants at this extreme end of the scale (Ehrenbrusthoff et al., 2018; 
Fitzpatrick et al., 1998). If floor and ceiling effects are present, it has been recommended that 
all data at the extreme end of the scale is removed from the analysis (Fitzpatrick et al., 1998). 
However in this study the negative affect data were not removed from the analysis for two 
reasons. Firstly, the participants were not specifically recruited from a clinical psychiatric 
population and so extreme positive or negative affect is not necessarily expected. Secondly, 
removal of such a meaningful proportion of the data from the analysis would have resulted in 
no complete negative affect data sets (i.e. from all three HIT sessions), therefore the linear 
mixed model analysis could not be conducted. The presence of the floor effect in the negative 
affect data is acknowledged as a limitation of the PANAS tool, and therefore the findings of 
this data should be interpreted with caution.  
 
5.5 Conclusion 
This randomised cross-over trial has demonstrated that novel modes of HIT based on stair 
climbing, stepping and boxing can be implemented into a HIT protocol aimed at eliciting a 
high-intensity exercise response (e.g. ≥85 %HRmax). Furthermore, there were no meaningful 
differences in heart rate responses between modes which indicates that the HIT modes could 
be used interchangeably within an intervention without compromising the intensity of the 
exercise. Although perceived exertion responses were between descriptors of ‘hard’ and ‘very 
hard’ for all three modalities, perceived exertion responses for boxing were lower than stair 
climbing and stepping. This may have been due to the technical aspects in the boxing HIT, 
however this conjecture warrants further investigation. There were no meaningful changes in 
blood pressure or affect from baseline, and no meaningful differences were detected across 
the HIT modes in blood pressure or affect. Perceptions of enjoyment were high and relatively 
similar for all modalities immediately following each exercise session and 60 minutes following 
the exercise sessions. However large standard deviations around the mean enjoyment scores 
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indicate variation in perceived enjoyment scores between participants, although the 
meaningfulness of the variation cannot be explored further with the analysis performed. The 
findings of this study suggest that the HIT protocol applied using novel modes could be 
incorporated into a longer term HIT programme that may be viewed favourably by participants. 
Accordingly the following chapter of this thesis will explore the feasibility and effects of an 8-
week workplace-based HIT intervention named BE@Work on markers of physical fitness, 




Chapter 6: Study Four. Brief Exercise at Work (BE@Work): a 
controlled feasibility trial of a high-intensity interval training 
intervention delivered in the workplace 
6.1 Introduction 
High-intensity interval training (HIT) can elicit favourable adaptations in cardiorespiratory 
fitness (CRF) (Weston et al., 2014b), markers of cardiometabolic health (Costa et al., 2018; 
Jelleyman et al., 2015; Su et al., 2019) and body composition (Viana et al., 2019). 
Furthermore, adaptations are often similar to those elicited by traditional prescriptions of 
moderate intensity continuous training (MICT), despite a lower exercise time commitment 
(Milanovic et al., 2015). However the vast majority of work conducted to date has used tightly 
controlled laboratory-based protocols with direct researcher supervision (Gillen & Gibala, 
2014). Although such trials demonstrate the efficacy of HIT, the potential for HIT to promote 
population wide health and fitness in settings outside of the laboratory has been questioned 
(i.e. the effectiveness of HIT) (Biddle & Batterham, 2015).  
 
This assertion has been challenged by recent evidence demonstrating the potential 
effectiveness of HIT in adults in various ‘real-world’ settings including home-based (Blackwell 
et al., 2017; Scott et al., 2019) and community park or gym settings (Lunt et al., 2014; Reljic 
et al., 2018). The workplace is another setting in which the effectiveness of HIT has begun to 
be explored (Allison et al., 2017; Shepherd et al., 2015). The meta-analysis presented in 
Chapter Three demonstrated that workplace exercise interventions can elicit meaningful 
adaptations in CRF. However participation rates in workplace health promotion programmes 
vary widely (Bull et al., 2003; Robroek et al., 2009) and loss to follow up has been reported to 
range from 4-40% (Rongen et al., 2013). Poor reach and high attrition may indicate that novel 
and time efficient exercise training strategies, such as HIT, could be viewed as a viable 
alternative to traditionally prescribed MICT (Conn et al., 2009). Especially as lack of time is a 
commonly reported barrier to workplace exercise participation (Hunter et al., 2018).  
 
Two non-controlled trials have explored the effects of stair climbing and cycle ergometer-
based HIT in the workplace (Allison et al., 2017, Shepherd et al., 2015). Post-intervention both 
trials reported improvements in VO2max of between 2.1 to 3.5 mL·kg-1·min-1. Furthermore, 
Shepherd et al., (2015) also reported improvements in blood lipids and fat mass. However a 
lack of no-exercise control group in both trials limits the confidence with which the findings can 
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be interpreted, given the substantial biases that can occur in uncontrolled trial designs (Hariton 
& Locascio, 2018). Additionally, both workplace HIT trials evaluated to date were conducted 
in academic workplaces, which may not be representative of other working environments. 
Finally, a single exercise modality was used in each intervention, which may not be feasible 
or engaging for some individuals. This suggestion was supported by participants of the 
formative evaluation of the BE@Work workplace HIT trial described in Chapter Four. Here, 
participants expressed a preference for a choice in a variety of exercise modalities within a 
workplace HIT programme, with stair climbing, stepping and boxing selected as preferred 
modalities. In Chapter Five, the modalities selected by formative evaluation participants were 
incorporated into a HIT protocol and it was demonstrated that the protocol elicited a high-
intensity exercise response. From this, it could be suggested that novel modes of HIT may 
also elicit adaptations in physical fitness and cardiometabolic health outcomes comparable to 
more ‘traditional’ HIT modes. To address these limitations and further assess the effectiveness 
of HIT, there is a need for controlled workplace HIT trials, implemented in non-academic 
workplaces that utilise a range of novel HIT modes.  
 
BE@Work was conducted in organisations located in two of the five local authorities in the 
Tees Valley region of North East England (Stockton-on-Tees and Redcar & Cleveland). Given 
that residents of both regions have lower life expectancies and higher cardiovascular disease 
(CVD) mortality rates (Public Health England, 2017) and may participate in less physical 
activity (NatCen Social Research, 2017) than residents in more affluent areas of England, the 
implementation of cardioprotective health promotion programmes in the Tees Valley region is 
vital. Accordingly, the aim of this study is to explore the feasibility and effects of a HIT 
intervention delivered in the workplace. The objectives of the study are to: a.) implement a 
controlled feasibility trial of an 8-week multi-activity workplace-based HIT intervention, and b.) 
explore the feasibility and effects of a workplace-based HIT intervention on markers of physical 
fitness, cardiometabolic and mental health in employees.    
 
6.2 Methods 
This study was approved by the School of Health and Social Care Research Governance and 
Ethics Sub-committee from Teesside University (study number: 036/18) and the protocol was 
prospectively registered on clinicaltrials.gov (identifier: NCT03467594). The reporting of this 
study conforms with the Template for Intervention Description and Replication (TIDieR) 




6.2.1 Study Design 
This study used an exploratory non-randomised controlled trial design, with two groups. 
Participants in the intervention group were from one organisation and received an 8-week 
workplace-based HIT programme and participants from a second separate organisation acted 
as a no-intervention control group. To ensure that the allocation of participants to each group 
cannot be predicted, randomisation is considered the best method to allocate participants to 
intervention or control groups (Deeks et al., 2003). Although it was initially intended that the 
BE@Work programme would utilise a cluster randomised controlled trial (RCT) design, during 
planning discussions with the senior management team of one of the participating 
organisations, it became apparent that they would only allow their staff to participate if they 
were offered the intervention. Therefore the pragmatic decision was made to utilise a non-
randomised controlled trial design. This decision could have introduced bias at various levels 
(Shrier et al., 2007). The greatest distinction between the results of randomised and non-
randomised studies is the potential for selection bias; where systematic differences in groups 
are present at baseline (Deeks et al., 2003). This may lead to either over or underestimation 
of intervention effects, depending on the allocation decision. This may have been the case 
with the BE@Work trial because participants were allocated to either the intervention or control 
group based on which organisation they were employed by. However because the allocation 
of participants was based on their place of employment, rather than participant or researcher 
choice, this could have partially reduced the impact of selection bias. To partly overcome 
selection bias the individual participants’ baseline values for each outcome were controlled for 
in the statistical analysis.  
 
As shown in the Gantt chart in Figure 22, the BE@Work trial was implemented across two 
organisations over the course of 12 weeks between April and June 2018. This included two 
weeks of baseline outcome variable testing, followed immediately by an 8-week workplace 
HIT intervention for the intervention group, followed immediately by two weeks of post-
intervention outcome variable testing. Control participants were asked to continue their usual 
routines during the intervention period and were not made aware of the BE@Work 




Figure 22 BE@Work programme Gantt chart 
Month April 2018 May 2018 June 2018 
Week 1 2 3 4 5 6 7 8 9 10 11 12 
Baseline testing                         
BE@Work programme                         
Post-intervention testing                         
 
6.2.2 Recruitment and participants 
Recruitment of individual study participants was facilitated by the participating organisations. 
Following consent from the management team of the participating organisations, promotional 
material was distributed via global staff email lists, e-newsletters and posters placed in 
prominent locations around the workplace (e.g. in bathrooms and kitchens). Participant 
information sheets for the intervention and control sites can be found in Appendices K and L. 
The thesis author also conducted presentations at the commencement of staff departmental 
meetings to advertise the project. Recruitment began three weeks before baseline testing 
(March, 2018). Recruitment was initially planned to begin at least one month prior to the 
commencement of the baseline testing (e.g. February 2018), however due to extreme weather 
conditions in February and March 2018, resulting in the closure of the sponsoring university, 
confirmation of ethical clearance was delayed by a significant time period and therefore 
recruitment could not begin as scheduled.  
 
Based on feedback from participants of the formative evaluation of the BE@Work trial 
(Chapter Four), introductory HIT taster sessions were conducted in the two weeks prior to 
baseline testing at the intervention site. Taster sessions involved a single HIT session that 
was similar to the sessions to be delivered in the first week of the intervention. The purpose 
of these sessions was to promote the programme and allow potential participants to try the 
exercises that were to be conducted during the programme. Taster sessions were advertised 
using the same channels as the main intervention, and following each taster session 
participants were provided with information about the BE@Work trial. Fourteen individuals 
participated in the HIT taster sessions, of which 12 subsequently signed up to the BE@Work 
trial. The HIT taster sessions were advertised and conducted following Easter, during school 
holidays. Anecdotal feedback from participants indicated that interest in the taster sessions 
may have been greater if they were advertised earlier or conducted outside of school holiday 




Inclusion criteria were adult (aged ≥18 years) employees of the participating organisations 
with no health conditions that precluded them from exercise and on no medication. Exclusion 
criteria were symptoms of, or known presence of cardiovascular or metabolic disease, 
conditions or injury or co-morbidity affecting the ability to undertake exercise, early family 
history of sudden cardiac death and pregnancy or likelihood of pregnancy. All participants 
underwent pre-exercise screening using the Physical Activity Readiness Questionnaire for 
Everyone (PAR-Q+) (Bredin et al., 2013). If via the PAR-Q+ any of the inclusion/exclusion 
criteria were not met, the individual was not allowed to participate further.  
 
Across the intervention and control sites, 54 office-based employees were recruited. Thirty 
participants (10 males) were recruited from the intervention organisation and 24 participants 
(10 males) from the control site. The BE@Work trial is a feasibility trial, of which one of the 
key outcomes is securing assumptions about effect size and variability (Craig et al., 2008). 
Given that this information is required for sample size power calculations, performing one for 
a feasibility trial is counterintuitive. The target sample size for this study was 60 employees, 
consisting of ~30 participants per study site. Given that this study was delivered largely by the 
thesis author with limited assistance from other researchers, this sample size was deemed 
feasible for both data collection and exercise session facilitation. This could then inform a 
future definitive trial by examining whether the intervention could be delivered as intended, in 
regards to intervention fidelity. 
 
6.2.3 Outcome measures 
Outcome data was collected at two time points from intervention and control participants. 
Baseline data was collected in April 2018 (3 to 14 days prior to the commencement of the 
intervention) and post-intervention in June 2018 (3 to 14 days following the final training 
session) for both the intervention and control groups.  Where possible, the post-intervention 
data collection was completed within the first five days after the end of the intervention (June 
2018). In the intervention group 21 of the 25 remaining participants completed post-
intervention testing within 5 days of the end of the intervention (84%). The remaining 
participants were on annual leave during the week immediately following the intervention and 
completed testing upon their return to work. In the control group post-intervention testing was 
conducted within 5 to 11 days following the end of the intervention, with nine participants 
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tested within 5 days, and subsequently a further four within 6 days, a further six within 10 days 
and a further six within 11 days, post-intervention.  
 
The following outcome variables were measured at baseline and post-intervention in 
intervention and control participants: CRF (predicted VO2max); leg extensor muscle power; 
hand grip strength; systolic blood pressure (SBP); diastolic blood pressure (DBP); blood lipids 
and glucose; anthropometry (body mass index [BMI] and waist circumference); health-related 
quality of life (HR-QoL); psychological wellbeing and perceived stress. All outcome variable 
assessments were conducted in a private room in the participants’ workplace by the thesis 
author, with the assistance of one other graduate student researcher. Further information on 
each outcome is detailed below. Outcomes were tested in the same order at both time points 
(HR-QoL, wellbeing, perceived stress, blood pressure, hand grip, finger prick blood sample, 
height and weight, waist circumference, lower limb power, CRF). Participants were advised to 
arrive well rested and to drink plenty of fluids in the 24 hours before, avoid eating a heavy 
meal or drinking alcohol and caffeine for 3 hours before and avoid strenuous exercise on the 
day of their scheduled session. Post-intervention testing was conducted within ±2 hours of the 
baseline appointment time. Upon arrival to their baseline appointment the content and time of 
the participant’s last meal was documented and before the post-intervention data collection 
participants were reminded of this information and asked to replicate their eating patterns as 
closely as possible.   
  
At the stipulation of the Research Ethics and Governance Committee at the sponsoring 
university, the thesis author was required to advise participants to seek medical advice if any 
outcome variables were outside of expected ‘healthy’ parameters at the baseline or post-
intervention data collection time points.  
 
6.2.3.1 Primary outcome: Cardiorespiratory fitness 
The gold standard test for the measurement of CRF (as measured by maximal oxygen 
consumption [VO2max]) is a cardiopulmonary exercise test (CPET) (Shephard, 1968). However 
in the present study this test was not pragmatically possible for two reasons; firstly it was not 
possible to transport the required equipment to the organisations for data collection; secondly 
the organisations participating in the project permitted employees only 60 minutes each for 
the baseline and post-intervention data collection, therefore given the considerable time 
commitment required for a CPET, time restrictions did not permit this test. Therefore in the 
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present study CRF was estimated using the Chester step test (Sykes, 2018) (Cartwright 
Fitness, Huntington, United Kingdom). The validation, reliability and protocol for the Chester 
step test was described in Chapter Two (section 2.2.1). Briefly, the test consists of five, two 
minute stages. Stepping cadence begins at 15 steps per minute and increases by 5 steps per 
minute at the end of every two minute stage, with step frequency controlled by an electronic 
metronome. Participants continue stepping until they reach 80% of age predicted maximal 
heart rate (HRmax), or they report a rating of perceived exertion of ≥15 arbitrary units (AU) 
(hard) on the Borg 7-20 scale (Borg, 1982), or they complete all five stages of the test (Sykes, 
1998; Sykes & Roberts, 2004). Four step heights are available (15cm, 20cm, 25cm or 30cm). 
Step height for each participant was selected by the thesis author, based on recommendations 
from Sykes (2018) considering individual participants’ age and habitual activity level. 
Consequently, 23, 14, 12 and 4 participants used the 15 cm, 20 cm, 25 cm and 30 cm step 
heights, respectively. Step height was recorded to ensure standardisation across baseline and 
post-intervention testing. Heart rate was recorded throughout the test using wrist-worn 
monitors (Polar A380, Polar Electro, Kempele, Finland) and age-predicted HRmax was 
calculated as previously described (Tanaka et al., 2001). Following completion of the test, 
VO2max was estimated using the Chester step test calculator (Cartwright Fitness, Huntington, 
UK https://www.chesterstep.com/ ) which uses a regression line through submaximal heart 
rate up to a horizontal line that corresponds to predicted HRmax, which in turn predicts VO2max. 
The predicted VO2max from the Chester step test software was taken and used in the analysis.  
 
As CRF was the primary outcome of interest in the present study, and with the previously 
described limitations associated with the Chester step test in mind, it was originally intended 
to conduct CPETs with a sub-sample of participants. Although this was offered to all 
participants in both the intervention and control group, no participants agreed to attend a CPET 
at the university. Anecdotally, the reasons for this were the time commitment associated with 
travel to the university laboratory to conduct the test and concerns associated with a maximal 
exercise test.  
 
6.2.3.2 Leg extensor muscle power 
Leg extensor muscle power was assessed using the Nottingham leg extensor power rig 
(henceforth called “leg rig” [Medical Engineering Unit, University of Nottingham, Nottingham, 
UK]), which has recently been demonstrated to have excellent short and long term reliability 
in both middle aged and older adults (Hurst et al., 2018). Given that three repeated trials are 
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recommended at baseline to reduce habituation effects (Hurst et al., 2018), in the present 
study it was initially intended that participants would undertake three repeated trials at 
baseline. However due to the significant time commitment required (~15 minutes per trial) the 
participating organisations were reluctant to allow staff this extra time away from work given 
that other testing procedures took 60 minutes. Despite the agreement of senior management 
teams, the repetition of this measure caused various issues with middle management who 
frequently did not permit participants to return for the full testing procedure. Therefore 4, 28 
and 22 participants undertook the testing one, two and three times, respectively, at baseline.  
 
Testing procedures outlined by Bassey & Short (1990) were followed for the administration of 
this test. Participants were seated with a flexed knee in an upright position with arms folded 
across their chest. Participants performed a unilateral leg extension until the footplate was 
fully depressed while the other foot rested on the floor. Seat position was determined so that 
the leg reached full extension at the end of the footplate movement. Seat position was 
recorded to ensure standardisation across all trials. Participants were asked to wear flat, 
comfortable lace-up shoes and to wear the same footwear during each trial. A standardised 
warm-up was conducted prior to the testing protocol, which consisted of three warm-up leg 
extensions at increasing submaximal intensity (~50, ~75 and ~90% of self-perceived maximal 
effort). Then, ten maximal effort leg extensions were performed, each separated by 30 
seconds of passive rest. Participants received standardised instructions before every 
individual leg extension (“push as hard and as fast as possible”) and strong verbal 
encouragement was provided throughout. After assessment of the first leg, participants then 
performed the same warm-up as previously described, followed by the testing protocol on the 
second leg. The tests were performed in a randomised counterbalanced order with 
participants performing all testing sessions in the same order (e.g., always dominant leg first 
or always non-dominant leg first, based on initial randomisation) with leg dominance 
determined using the lateral preference inventory (Coren, 1993). Scores were recorded in 
Watts (W) to the nearest whole unit. The highest value recorded over ten leg extensions was 
taken as the participants’ peak power output for data analysis.  
 
6.2.3.3 Hand grip strength  
Handgrip strength was measured using a hydraulic hand dynamometer (12-0240; Baseline 
Evaluation Instruments, Fabrication Enterprises Ltd, New York, United States).  This 
instrument has acceptable reliability (ICC 0.99) and concurrent validity when compared with 
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other hand dynamometers (Summer et al., 2000). Testing procedures outlined by Perna et al., 
(2016) were followed for the administration of this test. The dynamometer was adjusted to the 
participants hand size, such that the index finger of each hand was at 90° flexion between 
proximal and middle phalangeal joint (Perna et al., 2016). Following a submaximal practice 
attempt, participants performed three maximal efforts on each hand, with 60 seconds rest 
following each attempt, alternating between hands each time. Body position was standardised 
with participants instructed to maintain the standard bipedal position, with the arm in complete 
extension and feet positioned hip width apart. Participants were provided with standardised 
instructions and strong verbal encouragement before every repetition (“squeeze as hard as 
you can, until you can’t squeeze any harder”). Testing was performed in a randomised, 
counterbalanced order with participants performing all testing sessions in the same order (e.g. 
always dominant hand first or always non-dominant hand first based on initial randomisation) 
with hand dominance determined using the lateral preference inventory (Coren, 1993). Scores 
were recorded in kilograms to the nearest 0.5 kg. The highest value recorded over three 
repetitions was taken and used in the analysis.  
 
6.2.3.4 Blood pressure 
Blood pressure was measured using an OMRON M6 AC (HEM-7322-E) monitor (Omron 
Healthcare UK, Milton Keynes, UK), using the procedures outlined in Chapter Five (section 
5.2.3). This monitor has been validated for clinical use, using the European Society of 
Hypertension International protocol (Takahashi et al., 2014). Following 10 minutes of seated 
rest the standard sized Omron cuff (22 to 32cm) was placed tightly on the upper left arm. 
During the measurement participants sat quietly with their arm resting on a table at 90°. Three 
readings were taken and the average of the three was taken and used in the analysis.  
 
6.2.3.5 Blood lipids and glucose  
Non-fasting blood lipids (cholesterol, triglyceride and high density lipoprotein cholesterol 
(HDL-C)) and glucose profiles were assessed using a Cholestech LDX analyser (Cholestech 
Corporation, Hayward, CA, USA). Although the Cholestech LDX analyser also provides a 
value for low density lipoprotein cholesterol (LDL-C), this value is an estimation based on the 
triglyceride: cholesterol ratio. The equation used to estimate LDL-C assumes a constant 
triglyceride: cholesterol ratio that is not accurate when participants are not fasted (Krishnaveni 
& Gowda, 2015). Therefore LDL-C will not be reported further in the present study. The 
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justification for the use of non-fasting samples has been previously described in Chapter Two 
(section 2.2.4).  
 
Blood lipid and glucose measurements were assessed by the thesis author at baseline and 
post-intervention. The thesis author has previously attended a full training course on the 
analyser and blood sampling techniques used in the present study. As per storage instructions 
the Cholestech LDX lipid panel plus glucose cassettes were refrigerated and returned to room 
temperature no more than 15 minutes before data collection. Before each data collection 
session, an optics check was performed and details recorded. Participants washed their hands 
with warm soapy water prior to the collection procedure. Following this, participants were 
seated with their non-dominant hand placed palm-up on their thigh. The area was sterilised 
with an alcohol swab and a firm puncture was made in the middle finger using a single use 
lancet (Unistik 3, Owen Mumford, UK). The first drop of blood was wiped away using a clean 
tissue and then moderate pressure was then applied to ensure adequate blood flow until 
another large drop appeared. The sample was drawn into a 35 μL capillary tube coated with 
lithium heparin (Cholestech LDX, AR-MED Ltd, Egham, UK) and immediately transferred into 
a cassette sample well. The cassette was then placed into the device drawer for analysis and 
results were displayed on the analyser screen within 5 minutes.  Medical gloves were worn by 
the researcher at all times and all materials contaminated with blood were disposed of in a 
biohazardous sharps bin. Values for cholesterol, triglycerides and HDL-C were taken and used 
in the analysis.  
 
6.2.3.6 Anthropometry 
Body mass and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, without 
shoes and socks and with participants in light clothing using the Seca 799 electronic column 
scale, fitted with a Seca 224 stadiometer rod (Seca, Hamburg, Germany). Body mass index 
(BMI) was calculated using the equation BMI (kg/m2) = body mass (kg)/ height (m) 2.  
 
Waist circumference was measured using a non-elastic Gulick tape measure with a tension 
device, by the thesis author at both data collection time points. Testing procedures outlined 
by Stewart et al., (2011) were followed. The circumference of the abdomen was measured at 
the narrowest point between the lower costal border (10th rib) and the top of the iliac crest, 
perpendicular to the long axis of the trunk. The author stood in front of the participant and 
passed the tape around their abdomen. The participant stood in a relaxed position, with arms 
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crossed over their chest. The end of the tape and the housing were held in the right hand while 
the left hand was used to adjust the level of the tape until it was at the narrowest point of the 
waist. The stub was then passed back to the left hand to position the tape in front at the target 
level. The participant was asked to breathe normally and the measurement was taken at the 
end of their natural expiration, to the nearest 0.1cm. If there was no obvious narrowing the 
measurement was taken at the mid-point between the lower costal and the iliac crest. 




6.2.3.7 Habitual physical activity  
The International Physical Activity Questionnaire (IPAQ) short form (Craig et al., 2003) was 
used as a self-report measure of physical activity in the previous 7 days, as per the protocol 
described in Chapter Five (section 5.2.3.2). However because the minimal clinically important 
difference in habitual physical activity was taken from work using MET hours of physical 
activity per week (MET hour.week-1) and the IPAQ scoring system gives a score in MET 
min.week-1, the final score was divided by 60 to obtain a score in MET hour.week-1.  
 
The use of the IPAQ to assess habitual physical activity is a deviation from the registered trial 
protocol. Although the trial protocol stated that physical activity would be assessed using tri-
axial accelerometers the equipment was unavailable for the duration of the baseline testing 
period therefore it was necessary to use an alternative self-report measure of physical activity.  
 
6.2.3.8 Health-related quality of life 
Health-related quality of life (HR-QoL) is typically assessed using the Medical Outcomes 36-
Item Short Form Health Survey 1.0 (SF-36) (Hays et al., 1993). The SF-36 is a 36 item 
questionnaire that assesses eight distinct domains of HR-QoL with multi-item Likert scales 
(physical functioning, role limitations caused by physical health problems, role limitations 
caused by emotional problems, social functioning, emotional wellbeing, vitality, bodily pain 
and general health perceptions). Reliability estimates for summary scores from the domains 
are acceptable (r=0.90) (Hays et al., 1993). Before administration of the SF-36 the wording of 
the questionnaires was modified from “in the past four weeks” to “in the past two weeks”, which 
is recommended for short term interventions by the scale developers (Hays et al., 1993). 
Scoring followed procedures outlined by Ware et al., (2002), whereby a sum score for each of 
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the eight domains was calculated. Possible scores range from 0 to 100 with higher scores 
indicating higher HR-QoL in all of the domains of the scale. An example copy of the SF-36 
can be found in Appendix M.  
 
6.2.3.9 Mental wellbeing 
The Warwick Edinburgh Mental Wellbeing Scale (WEMWS) was used to assess mental 
wellbeing (Tennant et al., 2007). The WEMWS is a 14 item Likert scale questionnaire that has 
acceptable test-retest reliability in adults (intra-class correlation= 0.83) (Tennant et al., 2007). 
Furthermore, the WEMWS has moderate to high levels of construct validity with nine other 
comparable scales (median r=0.73, range 0.42 to 0.77) (Tennant et al., 2007). A total score is 
calculated by summing the 14 individual statement scores (Tennant et al., 2007). The 
minimum score is 14 and the maximum is 70, higher scores indicate more positive mental 
wellbeing. An example copy of the WEMWS is presented in Appendix N.  
 
6.2.3.10 Perceived stress 
Perceived stress was measured using the Perceived Stress Scale (PSS) (Cohen et al., 1995). 
The PSS is a 10 item likert scale questionnaire with four positively worded and ten negatively 
worded statements which has been used previously to explore the effect of HIT on perceived 
stress (Bhosle et al., 2018; Lark et al., 2017). The PSS has acceptable test-retest reliability 
(r=0.7) (Lee, 2012). Scoring followed procedures outlined by Cohen et al., (1995) whereby a 
total score was obtained by reversing responses to the four positively worded items and then 
summing across all scale items. Possible scores range from 0-40 with lower scores indicating 
lower perceived stress. A copy of the PSS is presented in Appendix O.  
 
6.2.4 HIT Intervention 
The HIT intervention began immediately following the baseline testing period. Participants 
completed three group-based HIT sessions each week for eight weeks (24 sessions in total). 
Exercise sessions were conducted on a grassed and paved area outside of the workplace or 
in a large meeting room inside the workplace. A bridge within 100m of the workplace with 30 
steps on one side and a ramp on the opposite side were used for stair climbing sessions. All 
sessions commenced and terminated at the entrance foyer of the organisation and the group 




Exercise sessions were organised as outlined in Table 21 of Chapter Four. Briefly, four 
sessions per day (morning, midday and evening sessions) were conducted on Monday 
through Thursday, with two sessions on a Friday (morning and midday) (18 total per week). 
Participants were asked to attend whichever three sessions suited their availability over the 
week. To maximise attendance no restrictions were placed on minimum length of time 
between sessions. Exercise modes within each session were based on stair climbing, stepping 
and boxing. Participants were able to choose any of the three modes based on their 
preference. Example drills are demonstrated in Table 28 with images of the BE@Work 
exercise sessions shown in Figure 23 and Figure 24. 
Table 28 Example BE@Work HIT drills 
Modality focus Example drill 
Boxing  Ten fast jabs/ upper cuts/ hooks on the focus pad and 50m 
shuttle run/ power walk 
 Ten fast jabs/ upper cuts/ hooks on the focus pad and 50 
jumping hacks 
 Ten fast jabs/ upper cuts/ hooks on the focus pad and 50 skips 
or jumps over a rope on the ground 
Stair climbing One stair climb (30 steps), and 100m shuttle run/ power walk 
 Repeated stair climbs (30 steps up, 30 steps down) 
Stair stepping 20 step ups and downs and 20 jumping jacks or side taps 
 20 steps up and down and 50 m shuttle run/ power walk 
 




Figure 24 Example of boxing HIT modality 
 
6.2.4.1 Exercise intensity prescription 
The HIT protocol used in the present study was based on the protocol of the randomised cross 
over trial presented in Chapter Five (4x 60 second high-intensity bouts, interspersed with 75 
seconds of rest). The justification for this HIT protocol was described in Chapters Four and 
Five. The intensity of the prescribed exercise was quantified in Chapter Five with findings 
indicating that the protocol satisfied the criterion for high-intensity exercise (e.g. ≥85%HRmax) 
for all three modalities, with no substantial difference between modes. The number and length 
of high-intensity bouts was based on HIT protocols which have previously been shown to elicit 
adaptations in markers of muscle metabolism, CRF and cardiometabolic health variables 
(Hood et al., 2011; Little et al., 2011; Weston et al., 2016a). Progression in the exercise 
prescription was provided by increasing the number of high-intensity bouts by one 60-second 
repetition every fortnight, from four repetitions in weeks one and two of the intervention, to 
seven repetitions in weeks seven and eight. The progression of the HIT prescription over the 
intervention was based on HIT protocols previously shown to elicit improvements in CRF in 
adults (Phillips et al., 2017).  
 
The explanation of HIT was standardised across all participants, based on the description 
provided to participants in Chapter Five. Participants were provided with strong verbal 
encouragement to work maximally throughout each HIT session. Each session began with a 
5 minute warm-up consisting of exercises relevant to the session activity which progressed in 
intensity to ~75% HRmax and concluded with a 2 minute cool down. Therefore exercise 
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sessions lasted ~15 minutes in the earlier weeks of the intervention to a maximum of 25 
minutes in the later weeks of the intervention.  
 
6.2.4.2 Intervention implementation monitoring and quantification  
6.2.4.2.1 Heart rate responses  
Second-to-second heart rate monitoring was conducted as described in Chapter Five, during 
HIT sessions using wrist-worn heart rate monitors (Polar A360, Polar Electro, Kempele, 
Finland). The handling of heart rate data, calculation of age predicted HRmax and the criterion 
used for high-intensity exercise were all conducted as described in Chapter Five (section 
5.2.3.4). Briefly, the highest 1 second value from each high-intensity bout was taken and 
expressed as a percentage of the participants’ age predicted HRmax. The peak heart rate for 
each HIT bout conducted across the intervention was taken and used in the analysis.  Due to 
limited availability of heart rate monitors (only 10 monitors available for use over the duration 
of the study); heart rate traces were available for 94% of the attended exercise sessions 
across the intervention. Heart rate monitors were available at every HIT session, however if 
more than 10 participants attended any single session, only 10 could wear the monitors. 
Monitors were allocated on a “first come, first serve” basis, unless participants had previously 
attended a session that week where a heart rate monitor was also unavailable, in which case, 
priority was given to those who had not worn a monitor in their previous HIT session.  
 
6.2.4.2.2 Ratings of perceived exertion 
Session RPE was recorded after the 2 minute cool down following each HIT session. 
Familiarisation and data collection procedures were enacted as described in Chapter Five. 
Briefly the participant recorded their unique study identification code and session RPE 
privately on a paper based copy of the CR-10 scale (Borg, 1998). This scale ranges from 
‘‘nothing at all’’ (0) to ‘‘absolute maximum’’ (10). Individual participant session RPE values 
were then transferred to a spreadsheet. The session RPE for each attended HIT session was 
taken and used in the analysis.  
 
6.2.4.2.3 Acute affect and enjoyment responses 
Acute affect was assessed using the Positive and Negative Affect Scale (PANAS) (Watson et 
al., 1988), which was also used to assess affect in the study presented in Chapter Five (section 
5.2.3.6). The PANAS questionnaire was sent electronically (via email) to participants at 
fortnightly intervals during the intervention on the Monday morning of each fortnight, with the 
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request to return them to the thesis author (via email) by Wednesday of that week.  It was 
initially intended to administer the PANAS at baseline (prior to the first HIT session) and at 
fortnightly intervals for the duration of the intervention (weeks two, four, six and eight). 
However during week four of the intervention, an error occurred in the email system of the 
participating organisation which resulted in all emails from the thesis author being sent directly 
to the spam folders of the participants. Unfortunately, this did not become apparent to the 
thesis author until Thursday of that week. It is possible that the PANAS could have been 
administered in week five of the intervention (in place of week four) however it became 
apparent that management representatives in the participating organisation had concerns 
regarding the volume of assessments being sent to participants. Therefore to reduce 
participant burden associated with completing the assessments in both week five and six, the 
PANAS was administered at four time points only (baseline and weeks two, six and eight).  
Enjoyment of the exercise sessions was assessed using the PACES questionnaire 
(Kendzierski & DeCarlo, 1991) which is the same tool used to assess enjoyment in Chapter 
Five. All familiarisation, administration and data handling of the PACES were enacted as 
outlined in Chapter Five (section 5.2.3.7). The PACES questionnaire was administered at 
fortnightly intervals during the intervention (week two, four, six and eight). As described above, 
the PACES was sent via email with the PANAS questionnaire. Due to technical issues outlined 
previously, the email containing the PACES scale was not received by participants in week 
four of the intervention, therefore the PACES was administered in week two, six and eight of 
the intervention. All enjoyment data were handled as described in Chapter Five.  
 
Despite repeated prompts from the researcher during HIT sessions and via email, return of 
the PANAS and PACES data was particularly poor, resulting in missing data. For this reason, 
a cautious approach was taken in the interpretation of this data, and only descriptive data is 
presented. 
 
6.2.5 Statistical analysis 
Heart rate and RPE data were quantified to indicate the quality of intervention implementation 
in terms of the intensity of the HIT sessions using the analysis procedures described by Taylor 
et al., (2015). For heart rate data, the proportion of completed repetitions over the intervention 
where heart rate data were available (2735 repetitions) in which the high-intensity exercise 
criterion (e.g. ≥85%HRmax) was attained, was determined for each participant. The median 
and interquartile range of these individual proportions was calculated. Then, to provide the 
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correct overall between and within-subject variability (expressed as an SD) in both peak heart 
rate across the high-intensity bouts and session RPE, a linear mixed model was applied, with 
exercise session specified as a fixed effect  (SPSS v.25, Armonk, NY: IBM Corp). Data are 
expressed as mean ±SD, with uncertainty in the estimates expressed as 90% confidence 
intervals. Descriptive data (mean ±SD) is presented for acute affect and enjoyment data for 
each data collection time-point, due to the data collection issues previously described.   
 
Outcome data were analysed using an analysis of covariance (ANCOVA) model (SPSS v.25, 
Armonk, NY: IBM Corp) (Vickers, 2005). Plots of the model residuals versus the predicted 
values were visually inspected by the thesis author and one other researcher to check they 
were correctly specified (uniform variance and normal distribution of residuals). The fixed 
effect was the group (intervention or control), and the dependent (outcome) variable was the 
change from baseline time-point to post-intervention time-point. Model covariates were sex, 
age and baseline value of the outcome, to adjust for any imbalances between the intervention 
and control groups at baseline. For the blood lipid and glucose measures only, fasting status 
was included as an additional covariate. This variable was defined as the number of hours 
fasted post-intervention minus number of hours fasted at baseline. Data are expressed as 
mean ±SD, with uncertainty in the estimates expressed as 90% confidence intervals.  
 
Currently, there is much debate about how confidence intervals should be interpreted in both 
Bayesian and frequentist contexts (Greenland et al., 2016). For interpretation using the 
magnitude-based inferences framework (Hopkins et al., 2009), the mean effect of the 
intervention (versus control) for each outcome was estimated and uncertainty of the estimates 
were expressed as 90% confidence intervals. The probability that the effect was beneficial, 
trivial, and harmful was assessed against a threshold of a minimal clinically important 
difference (MCID). Where possible, MCIDs were based on clinical anchors but in the absence 
of a robust clinical anchor, the MCID is usually defined as a standardised mean difference of 
0.2 between-subjects SD (Cohen, 1988). The SD of the pooled baseline values was used for 
this purpose, because the post-intervention SD can be affected by responses to the 
intervention. The MCIDs used in the analysis for each of the outcome variables are displayed 









VO2max  +1 mL·kg-1·min-1 Increase of 1 mL·kg-1·min-1 in VO2max is associated with a 9% 




16 Watts No robust clinical/ practical anchor therefore 0.2 of the SD of 
the pooled baseline values. 
Hand grip 
strength 
+5kg  Conclusions of a systematic review aiming to define a MCID 
for hand grip strength (Bohannon, 2019). 
Blood pressure  SBP: -6mmHg 
DiBP: -3mmHg 
Meta-analysis demonstrating reduction of 6/3 mmHg lowered 
CHD risk by 14% and stroke by 18% (Salam et al., 2019). 
TC -0.19 mmol.L-1 No robust clinical anchor therefore 0.2 of the SD of the pooled 
baseline values. 
HDL-C +0.09 mmol.L-1 No robust clinical anchor therefore 0.2 of the SD of the pooled 
baseline values. 
TG -0.13 mmol.L-1 No robust clinical anchor therefore 0.2 of the SD of the pooled 
baseline values. 
Glucose -0.15 mmol.L-1 No robust clinical anchor therefore 0.2 of the SD of the pooled 
baseline values. 




-2 cm ≥2cm reduction in waist circumference associated with 
decreased risk of Metabolic Syndrome (odds ratio: 0.6) 






Meta-analysis demonstrating the largest reduction in CVD 
risk is derived when moving from inactive (0 MET hours.week-
1) to moderately active 6 MET hours.week-1 (relative risk: 
0.77) (Wahid et al., 2016). 
HR-QoL 3 AU 3-5 AU estimated as a clinically important change in each HR-
QoL domain in a systematic review (Samsa et al., 1999). 
Therefore 3 AU taken as the MCID. 
Mental 
wellbeing 









Although there is epidemiological evidence to suggest an increased risk of CVD per 0.75 
mmol.L-1 increase in total cholesterol (Jeong et al., 2018), per 1 mmol.L-1 increase in blood 
glucose (Asia Pacific Collaboration, 2004) and per 0.03 mmol.L-1 decrease in HDL-C (Maron, 
2000) these values were not used as the MCID in the present study. This is because values 
are based on fasted blood samples and assessments of blood lipids and glucose were non-
fasted in this study, therefore the decision was made to base the MCID for these outcomes 
on 0.2 of the between-subject SDs as described above. 
 
Using clinical inferences the qualitative probabilistic inferences were assigned to each effect 
using the following scale; <0.5%, most unlikely; 0.5 to 5%, very unlikely; 5 to 25%, unlikely; 25 
to 75%, possibly; 75 to 95%, likely; 95 to 99.5%, very likely; >99.5%, most likely (Hopkins et 
al., 2009). In light of recent debates surrounding the validity and robustness of magnitude 
based inferences (Sainani et al., 2019), the pilot design and consequent small sample size of 
this study, effects were only declared meaningful when the probability likelihood for the effect 
was ≥75% (likely) and the qualitative inference was either beneficial/ harmful or positive/ 
negative (i.e. a likely trivial effect although has a probability of ≥75%, a trivial effect would not 
be considered meaningful). Critiques of magnitude based inferences indicate that at small-to-
moderate sample sizes, although magnitude based inferences reduce the type II error (false 
negative) rate, type 1 error (false positive) rates are increased (Sainani, 2018). Therefore 
Cohens d effect sizes (Cohen, 1988) are also reported. Effect sizes were interpreted as 
follows; trivial <0.2, small 0.2-0.3, moderate 0.4-0.8, and large >0.8 (Hopkins et al., 2009).  
 
Given the controlled design of this study, any cases with missing post-intervention data 
contribute no information regarding the intervention effect (Weston et al., 2016a); therefore 
data from these participants were removed from the analysis. There were also some cases 
where post-intervention values were present but baseline values were missing.  For example, 
physical activity data for three participants was missing at baseline but post-intervention data 
was obtained. The reason for this was because participants did not understand the 
questionnaire and despite assistance from the thesis author were unable to recall their 
physical activity level over the previous 7 days. Some values below the lower detection limit 
of the Cholestech LDX analyser were observed for triglyceride (<0.51 mmol.L-1, n=3) and HDL-
C (<0.39 mmol.L-1, n=3). This missing data was imputed as the lowest detection limit for the 
LDX analyser for each outcome. 
6.2.5.1 Sensitivity analyses  
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Sensitivity analyses were performed on the three outcomes where residuals demonstrated 
evidence of outliers (VO2max, BMI and perceived stress). Removal of the outliers from the 
statistical model did not make a material difference in the effect or precision of the estimates 
and therefore outliers were not removed for the final analysis. In the case where residual plots 
were incorrectly specified the following data transformations were enacted: physical activity, 
triglyceride and glucose were log transformed; and two domains of HR-QoL (emotional 
wellbeing and bodily pain) were reflected and then log transformed. However the 
transformations had no material difference on the direction or magnitude of the effect or the 
subsequent inferences, therefore the decision was made to present the analysis for the raw 
untransformed data as described above.  
 
6.3 Results 
Participant flow through the study is shown in the Consort diagram (Figure 25), which details 
reasons for drop out from the study and missing data. Across the intervention and control 
sites, the BE@Work trial was advertised in office blocks where a total of ~400 employees 
were usually located. As shown in Figure 25, 77 individuals were screened for eligibility 
across the intervention and control sites, of which, 54 consented to participate in the study.  
 
Baseline participant characteristics are shown in Table 30. Of the 54 participants that were 
allocated to the intervention or control group, 25 of 30 intervention and 21 of 24 control 
participants completed post-intervention testing. In the intervention group, one participant 
reported she was pregnant during week one of the intervention and therefore withdrew from 
the study, two participants withdrew reporting ‘lack of time’ (in weeks one and five) and one 
participant withdrew in week four due to an injury related to the study (details below).  
Table 30 Baseline participant characteristics (mean ±SD) 
 Intervention (n=31) 
Mean  (±SD) 
Control (n=24) 
Mean  (±SD) 
Age (years) 48 (±8) 46 (±12) 
Height (m) 1.7 (±0.1) 1.7 (±0.1) 
Body mass (kg) 77.0 (±15.0) 74.1 (±10.1) 
Body mass index (kg/m2) 27.0 (±4.7) 26.2 (±3.2) 
Habitual PA (METmin-1) 1354 (±819) 2006 (±1695) 
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6.3.1 Intervention attendance 
Across the BE@Work programme, 144 HIT sessions were scheduled (18 sessions per week 
for 8 weeks), of which participants were asked to attend 24 (three sessions per week for eight 
weeks). Mean (±SD) session attendance was 20 (±3) (range= 14 to 24 sessions) out of a 24 
possible sessions (82% ±15%). Reasons for non-attendance included work and family 
commitments, annual leave from work, injuries unrelated to the study, and in two participants, 
injuries related to the intervention. Over the intervention a total of 539 ‘participant sessions’ 
were attended across the intervention. If all participants recruited to the intervention at 
baseline (n=30) attended 24 sessions over the intervention, this would have equated to 720 
‘participant sessions’. 
 
6.3.2 Injuries related to the intervention 
Two injuries attributable to the intervention occurred during BE@Work. During the final interval 
of a HIT session in week four, one participant tripped and fell over their feet while completing 
a shuttle run resulting in a fractured elbow. The session was terminated and standard first aid 
procedures enacted. The participant was encouraged to present to their healthcare provider 
and subsequently made a full recovery, but withdrew from the study. One participant suffered 
a calf strain during a HIT session in week four which resulted in one missed session. Their 
session was terminated and standard first aid procedures were enacted and once recovered, 
they were able to participate fully in the rest of the intervention.  
 
6.3.3 Intervention implementation and intensity quantification 
Over the attended HIT sessions, individual participant heart rate traces were available from 
94% of attended HIT sessions. This resulted in 506 (of 539 participant sessions) heart rate 
data files, compromising 2735 high-intensity bouts. Specific reasons for missing heart rate 
data included equipment shortage (n=21), equipment failure (n=11) and one instance where 
the participant forgot to switch the device on at the start of the session (n=1). 
 
Of the 2735 high-intensity bouts recorded over the intervention, the median (interquartile 
range) proportion of completed repetitions where heart rate corresponded to the a priori 
specified criterion for high-intensity work (≥85%HRmax) was 70% (53% to 84%). Of the 
attended exercise sessions where heart rate was recorded, the mean (±SD) peak heart rate 
across the BE@Work intervention was 87% HRmax with a within-subjects SD of 5.5% (95% CI: 




From the attended exercise sessions, 526 of a possible 539 individual session RPEs were 
recorded. Reasons for missing data included participants forgetting to complete the RPE form 
post-session (n=11) and participants needing to leave immediately following the cool down 
due to work commitments and therefore declining to complete the RPE scale (n=2). Mean 
session RPE over the whole intervention was 6 AU (e.g. between the qualitative descriptors 
of “hard” and “very hard” on the CR-10 scale), with a within-subjects SD of 1.3 AU (95% CI: 
1.3 to 1.4 AU) and between subjects SD of 1.4 AU (95% CI: 1.1 to 1.9 AU).  
 
6.3.4 Affect and enjoyment 
Acute affect scores were available for 30 out of 30 participants at baseline, 20 out of 29 
participants in week two of the intervention, 17 out of 25 participants at week six and six of 25 
participants in week eight. Mean positive and negative affect scores for each data collection 
time-point are shown in Table 31. 
 
Table 31 Acute mood over the BE@Work intervention 
 
Positive affect score (mean (±SD) 
(AU) 
Negative affect score (mean (±SD) 
(AU) 
Baseline (n=30) 30 (±8) 14 (±4) 
Week Two (n=20) 33 (±8) 14 (±4) 
Week Six (n=17) 38 (±8) 12 (±2) 
Week Eight (n=6) 36 (±8) 12( ±2) 
 
Enjoyment scores were available for 20, 16 and 5 participants respectively in weeks 2, 6 and 
8 of the intervention. Mean (±SD) enjoyment scores were 112 ±10 AU in week 2, 116 ±7 AU 
in week 6 and 110 ±16 AU in week 8 of the intervention. 
 
6.3.5 Outcome Variables 
Baseline values, along with effect statistics and qualitative inferences for the between-group 
(intervention vs. control) comparisons for physical fitness, cardiometabolic health and mental 
health outcome variables are presented in Tables 31 to 33. After controlling for age, sex and 
baseline values, the effect of the intervention when compared with control was a likely 
meaningful increase in VO2max (3.9 mL·kg-1·min-1; 90%CI: 0.48 to 7.4 mL·kg-1·min-1, d=0.55). 
Further, there were likely meaningful effects on two domains of HR-QoL (vitality: +8.7 AU; 
90% CI 2.8 to 14.6 AU, d= 0.51 and general health perceptions: +4.8 AU; 90% CI: 0.6 to 8.9, 
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d= 0.4) and a likely meaningful decrease in perceived stress (-2.6 AU; 90% CI: -5.2 to 0.1 
AU, d= -0.41). There were no other meaningful changes in any other outcome variables, 
post-intervention.  
 
Table 32 Intervention effect on physical fitness variables 
 Intervention 
(BE@Work; n =26 ) 
 
Control 
(CON; n =21 ) 
 
Between group comparison 























































































































































Table 33 Intervention effect on cardiometabolic health variables 
 Intervention 
(BE@Work; n =26) 
Control 
(CON; n =21) 
Between group comparison 





































128 ±12 -6.8  
[-9.8 to -
3.8] 















80 ±7 -2.5  
[-4.7 to -
0.4] 












5.3 ±1.0 -0.2  
[-0.4 to 
0.0] 












1.6 ±0.5 -0.1  
[-0.2 to 
0.0] 











1.2 ±0.6 -0.03 
[-0.2 to 
0.1] 











5.2 ±0.6 0.2  
[-0.1 to 
0.6] 








































































Table 34 intervention effect on mental health variables 
 Intervention 
(BE@Work; n =26) 
Control 
(CON; n =21) 
Between group comparison 
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9.6] 
Unclear 0.00  
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6.3.6 Feasibility of the outcome measures 
The following section will describe the feasibility and potential considerations 
associated with both the acute and chronic outcome variables assessed during the 
BE@Work trial.  
 
During the BE@Work trial, heart rate and RPE were collected to monitor intervention 
implementation. Wrist-worn heart rate monitors were selected over chest-worn 
monitors, due to the ease with which they can be applied and removed. To minimise 
the total session time, data collection procedures before and after HIT sessions 
needed to be time efficient, Therefore chest worn monitors, which are more time 
consuming to apply, were not feasible for this purpose. In the BE@Work trial, ten 
heart rate monitors were available for use. So, if more than ten participants attended 
a single HIT sessions, heart rate could not be assessed in all participants. The limited 
availability of heart rate monitors resulted in an incomplete heart rate data set, with 
heart rate monitored in 94% of attended sessions. Furthermore, researcher 
instruction and supervision was required for each session to ensure the heart rate 
monitors were recording correctly. Therefore if future trials included unsupervised HIT 
sessions, care should be taken to ensure participants are competent in the use of the 
monitors to ensure compliance with data collection procedures.  
 
Although wrist-worn heart rate monitors are a time efficient and objective assessment 
of exercise intensity, it is acknowledged that the associated cost of a large volume of 
heart rate monitors may not be feasible in future trials. In the absence of heart rate 
monitors, RPE could be used as an alternative subjective assessment of exercise 
intensity. In the BE@Work trial, 526 individual RPE values were collected, 
demonstrating the quantity of data that can be generated using this tool. However, 
thorough familiarisation with the scale are recommended pre-intervention, in future 
trials to ensure the validity and reliability of the scale is upheld. In the BE@Work trial, 
paper based forms were used to collect RPE following each HIT session. This 
resulted in a large volume of paper-based data and therefore in future trials, device 
based applications could assist in the collection of this data.  
 
 
In the BE@Work trial, it was intended to assess acute mood (PANAS) and enjoyment 
(PACES) at fortnightly intervals throughout the intervention. However as described in 
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Section 6.2.4.2.3, various issues were encountered during the collection of this data 
which resulted in a substantial proportion of missing data. In an attempt to standardise 
the time-period for assessment of mood and enjoyment, questionnaires were emailed 
to participants at the same time and day of the week at each assessment point. 
However, logistically this may have caused issues if the participants were unable to 
complete the questionnaires at that particular moment due to work commitments. This 
is one potential reason for the low compliance with this data collection procedure. 
Furthermore, the management team of the participating organisation raised issues 
with the volume of paper-work required of the BE@Work participants, as they 
perceived it may distract participants from their work commitments. This indicates that 
the PANAS and PACES may have limited feasibility for the repeated acute 
assessment of mood and enjoyment in a workplace intervention setting, when 
assessed together. Future trials could seek to assess mood and enjoyment 
separately, or seek to source a more time-efficient assessment of these variables, to 
reduce the participant burden.   
 
In the BE@Work trial predicted CRF was assessed using the Chester Step test. At 
baseline and post-intervention, all intervention participants consented to undertake 
this test and one control participant abstained due to an injury unrelated to the study. 
The Chester step test takes approximately 15 minutes to conduct, including the set-
up, explanation of the procedures and the test itself. In comparison to maximal 
exercise tests conducted in a laboratory setting, the Chester step test requires a 
limited amount of space, time and equipment. As the majority of participants were 
able to undertake this test and given the limited equipment, time and space 
requirements the Chester Step test presents a feasible and acceptable tool for the 
assessment of CRF in field-based research. It should be noted that a well ventilated 
room would be preferred for most participants as they may feel warm while 
undertaking the test.  
 
Lower limb power was assessed using the Nottingham Leg Rig (leg rig). At baseline, 
all intervention participants consented to undertake this test and one control 
participant chose to abstain due to an injury unrelated to the study. At post-
intervention two control participants abstained due to an injury unrelated to the study. 
The leg rig weighs approximately 80 kg and requires at least 2m2 of space. Although 
the leg rig can be dissembled into three segments for transport to field-based 
research settings, the segments require two persons to carry them. In the BE@Work 
trial, the leg rig had to be transported from the university to two workplaces and 
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disassembled and assembled each time, this process takes approximately 20 
minutes each time. Furthermore, when the foot plate of the leg rig is depressed, the 
mechanisms are particularly loud, which may interrupt the working environment. 
Lastly, at baseline it is advised that the leg rig procedures are repeated on three 
separate occasions, to reduced learning effects (Hurst et al., 2018a), however as the 
procedure takes 10 minutes each time, a thirty minute time commitment for a single 
outcome measure may not be feasible in studies with limited time availability. The 
limited feasibility of repeating the leg rig procedures is indicated by the limited 
percentage of BE@Work participants who completed all three tests at baseline (29 
out of 54 participants). Collectively these findings indicate that the leg rig may have 
limited feasibility and acceptability in some field-based research studies, particularly 
if personnel, transportation, time or space are limited.  
 
Grip strength was assessed using a hand dynamometer. At baseline and post-
intervention all participants consented to undertake this assessment. Hand 
dynamometers are small and easily transportable and the full testing procedure takes 
four to five minutes per participant.  The portable nature of hand dynamometers and 
the limited time required to conduct this measure coupled with the number of 
participants able and willing to undertake the grip strength assessment, indicate that 
it is a feasible and acceptable assessment for use in field-based research. 
 
Blood pressure was assessed in all participants at baseline and post-intervention 
using an automatic blood pressure monitor. The blood pressure monitor is easily 
transportable and all participants consented to this measure, suggesting that 
automatic blood pressure monitoring is feasible and acceptable in workplace 
research studies. However, at the stipulation of the Research Ethics and Governance 
Sub-committee at the sponsoring university, the thesis author was required to advise 
participants to seek medical advice if any outcome variables were outside of expected 
‘healthy’ parameters at the baseline or post-intervention data collection time points 
(i.e. if SBP >120 or DBP >80mmHg). Due to this stipulation, 15 (out of 30) intervention 
and 17 (out of 24) control participants were advised to consult their medical 
practitioner, however as per the exclusion criteria for the trial (PARQ+ criteria 4b) 
participants were only excluded from the trial if their blood pressure was over 160/90 
mmHg.  
 
Blood lipids and glucose were assessed using finger prick point-of-care testing 
procedures in all participants, with the exception of one intervention participant who 
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abstained from this measure at baseline and post-intervention due to a fear of 
needles. The point-of-care testing apparatus are easily transportable, however the 
cassettes require refrigeration until 15 minutes before use, therefore a refrigerator is 
required within the workplace to ensure correct storage. Furthermore a sharps and 
biological waste disposal unit is required for all used lancets and capillary tubes. 
Therefore, although the high proportion of participants consenting to this procedure 
in the BE@Work trial may indicate that point-of-care testing is acceptable for 
participants in a workplace setting, consideration should be given to appropriate 
storage of cassettes and disposal of waste. As previously described, the thesis author 
was required to advise participants to seek medical advice if their non-fasting total 
cholesterol was outside of expected ‘healthy’ parameters at the baseline or post-
intervention data collection time points (>5mmol.L-1 Nordestgaard et al., 2016). Due 
to this stipulation, 19 (out of 30) intervention and 10 (out of 24) control participants 
were informed that their blood cholesterol was outside of the ‘healthy’ parameter at 
baseline.  
 
Anthropometry was assessed by waist circumference and height and weight. All 
participants in the BE@Work trial consented to these procedures at both data 
collection time points. For these assessment procedures to be undertaken in the 
workplace, a private room is required. Therefore in future studies screens may be 
needed if data collection is scheduled to take place in a room where a number of 
participants are present at once.  
 
Self-report physical activity and mental health outcomes (wellbeing, HR-QoL and 
perceived stress) were assessed in the 10 minutes of seated rest required before 
blood pressure could be assessed, to stream line the data collection sessions at 
baseline and post-intervention. Although the thesis author was available to answer 
questions about the questionnaires during data collection, three participants reported 
that they could not recollect their physical activities over the previous seven days and 
therefore abstained from this measure and one of those participants abstained from 
completing the wellbeing questionnaire.  Two participants abstained from completing 
the wellbeing questionnaire and one participant abstained from completing the stress 
questionnaire at post-intervention.  Although the questionnaires were conducted 
together during the data collection session to streamline data collection, it is 
acknowledged that this is a large volume of questionnaires and participants may have 
experienced respondent fatigue (Rolstad et al., 2011). Participants may have felt 
more able to complete all of the questionnaires and not chosen to abstain from them 
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A growing body of evidence suggests that HIT can elicit improvements in various 
markers of health, fitness and body composition (Campbell et al., 2019; Milanovic et 
al., 2015; Viana et al., 2019). However the majority of studies to date have been 
confined to laboratory settings, therefore the effectiveness of HIT in real-world 
settings (such as the workplace) is unclear. A limited number of workplace HIT trials 
have been published to date (Allison et al., 2017; Shepherd et al., 2015) however 
both were uncontrolled trials, utilising a single exercise modality and were 
implemented in academic workplaces. To further explore the effectiveness of HIT, 
controlled workplace HIT trials were required, in non-academic workplaces, utilising 
a broader range of novel exercise modalities. Accordingly, the aim of this study was 
to explore the feasibility and effects of an 8-week workplace HIT trial on physical 
fitness, cardiometabolic and mental health in office-based employees.  
 
In the present study a likely meaningful effect on VO2max of 3.9 mL·kg-1·min-1 (90% CI: 
0.48 to 7.4 mL·kg-1·min-1) was observed post-intervention compared with controls; 
representing a 10% increase in VO2max. The improvement in VO2max observed in this 
study is similar to, or slightly higher than the 2.8 to 3.5 mL·kg-1·min-1 increase in VO2max 
reported following previous uncontrolled workplace HIT trials (Allison et al. 2017, 
Shepherd et al., 2015). Although the intervention effect observed in the present study 
is higher than the meta-analysed effect of workplace-based exercise training 
interventions observed in Chapter Three (2.7 mL·kg-1·min-1), it is lower than the 5.5 
mL·kg-1·min-1 increase in VO2max reported in a meta-analysis of largely laboratory-
based HIT trials (Milanovic et al., 2015). This may be unsurprising as the magnitude 
of intervention effects are thought to be attenuated and more variable under less 
tightly controlled conditions outside of the laboratory (Courneya, 2010).  
 
Meaningful improvements in two domains of HR-QoL assessed using the SF-36, were 
observed post-intervention (general health perceptions; 4.8 AU [90% CI 0.6 to 8.9] 
and vitality; 8.7 AU [90% CI 2.8 to 14.6 AU]). Although one previous workplace HIT 
trial observed a 0.21 AU increase in general health perceptions (Shepherd et al., 
2015), data were presented on a 1-5 AU scale. The reason for this decision is unclear 
as the scoring guide for the questionnaire uses a 0-100 AU scoring system (Ware et 
al., 2002). Similarly, in a community-based HIT trial Lunt et al., (2014) observed 
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improvements in aggregate scores of perceptions of physical (3.6 AU) and mental 
health (2.3 AU) in comparison to MICT. Again the validity of reporting aggregate 
scores from the SF-36 is questionable as this procedure is not detailed in the scoring 
manual (Ware et al., 2002). Although it appears that HIT may elicit improvements in 
perceptions of general health, direct between-study comparisons are precluded due 
to inconsistencies in scoring procedures.  
 
Vitality is defined as the balance an individual feels between energy and fatigue (Ware 
et al., 2002). The meaningful increase in vitality observed in the present study (8.7 
AU [90% CI 2.8 to 14.6 AU]) is greater than the effect observed in a previous 
laboratory-based HIT trial with 25 healthy older adults (5.3 ±9.4 AU, p= 0.05, 
assessed via the SF-36) (Knowles et al., 2015). Additionally although not assessed 
via the SF-36, following a previously described workplace HIT trial, Shepherd et al., 
(2015) also noted an increase in subjective vitality (from 4.1 AU to 4.7 AU on a 1-7 
AU scale, p=0.05). There is now a preliminary but expanding body of evidence 
demonstrating that HIT may elicit improvements in vitality. Exercise training has been 
shown to increase perceptions of energy and reduce perceptions of fatigue (i.e. 
increase vitality) (Puetz et al., 2006). Therefore although the increase in vitality 
observed in this study could be directly attributable to HIT itself, there is evidence to 
suggest that social interaction during exercise can improve vitality more than 
exercising alone (McNeil et al., 1991) and so the effect could also be attributed to the 
group-based nature of BE@Work. However, as the mechanisms behind this effect 
are yet to be elucidated this is merely conjecture at this time.  
 
In the present study, a meaningful reduction in perceived stress was observed (-2.5 
AU; 90% CI: -5.2 to 0.1 AU) when assessed using the PSS (Cohen, 1993).  This effect 
is smaller than the effect observed in one previous trampoline based HIT trial (-11AU, 
assessed using the PSS) (Bhosle et al., 2018) however it is higher than that observed 
in a circuit-based HIT case study with three police officers (-1.5 AU, assessed using 
the PSS) (Lark et al., 2017). However a lack of control group in these studies means 
that the findings should be interpreted with caution. Although purely conjecture, 
differences in stress responses could be attributed to differences in the populations 
(e.g. highly stressed participants in the study by Bholse et al., 2018) or the exercise 
modalities used. Nevertheless, the improvement in perceived stress observed in the 
present study could be a particularly meaningful outcome for employers, because 
work-stress is associated with both absenteeism and presenteeism (Lauzier et al., 
2017) and productivity (Hoboubi et al., 2017). Although the present study cannot 
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confirm the impact of HIT on these workplace outcomes, future workplace HIT trials 
could include measures of absenteeism or productivity if possible.  
 
In BE@Work, the declaration of meaningful findings was set a priori at ≥75% (i.e. 
likely) and accordingly there were no meaningful effects on any of the other physical 
fitness, cardiometabolic health and body composition variables assessed. A reduction 
in leg extensor muscle power was observed in both the intervention (dominant leg -
2.6 Watts, non-dominant leg -10.9 Watts) and control group (dominant leg -19.6 
Watts, non-dominant leg -31.5 Watts), post-intervention. However, as the reduction 
was less in the intervention group, the intervention effect (intervention minus control) 
was a possibly beneficial improvement in lower limb power. As effects were only 
declared meaningful when the probability likelihood was ≥75%, a possibly beneficial 
effect indicates that more data is required to assess the effect of workplace HIT on 
leg extensor muscle power, and conclusions cannot be drawn from this finding 
(Sainani et al., 2019). It is noted, however, that a reduction in leg extensor power was 
observed in both groups following the BE@Work trial. To reduce learning effects 
associated with the Nottingham Leg Rig, it is recommended that data collection 
procedures are repeated three times at baseline (Hurst et al., 2018a). As previously 
described, there were various logistical issues associated with the collection of this 
data at baseline in the BE@Work trial, which likely resulted in inadequate habituation 
with the Nottingham Leg Rig procedures (60% of participants did not undertake three 
full trials at baseline). Although it cannot be known from the data collected, this may 
explain why a reduction in leg extensor muscle power was observed in both groups. 
A reduction in blood pressure was observed in both groups (SBP: -6.6 mmHg and -
8.0mmHg; DBP: -2.5 and -2.7, in the intervention and control group respectively). 
Following stipulations by the Research Governance and Ethics Committee at the 
sponsoring university, it was necessary for the thesis author to advise participants to 
seek medical advice if any outcome variables were outside of expected parameters 
(e.g. blood pressure ≥120/80mmHg) at baseline. Given that the average baseline 
blood pressure was outside of recommended parameters in the control group (mean 
baseline blood pressure: 135/86 mmHg) the reduction in blood pressure observed 
post-intervention could have been elicited by lifestyle modifications outside of the 
study. However this is purely speculative at this stage. As there is evidence to suggest 
that HIT can elicit clinically meaningful reductions in blood pressure in hypertensive 
individuals (-6.3mmHg and -3.8mmHg in SBP and DBP, respectively) (Costa et al., 
2018), further work is needed to elucidate the impact of real-world HIT interventions 
on blood pressure. Furthermore, with the exception of total cholesterol (which was 
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slightly elevated above the recommended level of ≤5 mmol.L-1 (Nordestgaard et al., 
2016)), mean baseline levels of all lipid outcomes and blood glucose were within the 
recommended ranges; which could explain the lack of intervention effect on 
cardiometabolic health outcomes. Lastly, although preliminary evidence suggests 
that HIT can reduce waist circumference by ~3cm in overweight and obese individuals 
(Wewege et al., 2017), mean baseline waist circumference values of 92.4cm in men 
and 82.3cm in women in the present study were not higher than the recommended 
parameters of ≥102cm for men and ≥88cm for women (Janssen et al., 2002), which 
could explain the lack of effect on this indicator of abdominal adiposity.  
 
Notwithstanding any potential physiological or psychological adaptations induced by 
exercise training, to promote long term adherence and compliance, it is essential that 
interventions are practical, feasible and enjoyable for participants. Mean HIT session 
attendance for BE@Work was 83%, which is similar to reported attendance in other 
real-world HIT trials (range 59% (Lunt et al., 2014) to 99% (Allison et al. 2017)). To 
promote session attendance in BE@Work, a flexible approach was taken to exercise 
session attendance; such that 18 group HIT sessions were conducted each week. 
Participants were required to attend whichever three sessions their availability and 
work schedules permitted. Although this may have promoted attendance, the 
scalability of providing such a large volume of exercise sessions across a week is 
highly questionable. Indeed the cost of employing exercise facilitators may prohibit 
organisations from being able to provide such flexible services to employees. 
Although in BE@Work, in general afternoon sessions (4:30pm and 5pm) were more 
frequently attended than others, anecdotally participants reported that they would be 
more likely to attend morning or midday sessions if they had access to a shower within 
their workplace, which was not available in the participating organisation. Over the 
BE@Work intervention most of the scheduled sessions were attended by at least two 
participants, therefore a recommendation cannot be made for future studies in terms 
of optimal session timing. For the BE@Work participants, no single time period would 
have suited the availability of all participants, a finding which was supported by the 
formative evaluation in Chapter Four. It is likely that feasible programme logistics are 
highly context dependent, supporting the need for formative work during programme 
planning (Craig et al., 2008). To further promote attendance, although participants 
were discouraged from attending more than one session per day, no minimum time 
limit was placed on the duration of time between HIT sessions. This flexible approach 
was essential for participants who worked part-time. Although this may have 
promoted attendance, in older adults there is preliminary evidence to suggest that 
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recovery time following HIT can be up to 5 days (Herbert et al., 2015). Although there 
is not an established threshold for a minimum time period between HIT sessions in 
adults, it is possible that conducting HIT on consecutive days could have inhibited full 
recovery. This could have attenuated participants’ ability to re-engage in high-
intensity exercise in subsequent sessions, which in turn could have affected the 
chronic training effect. However, this is purely speculative at this stage and further 
work is needed to establish if a minimum duration of time is required between HIT 
sessions.  
 
Although session attendance is often reported by authors as a measure of 
intervention adherence in exercise trials, it does not provide information regarding the 
extent to which the intervention was delivered as intended in a comparable manner 
to all participants; otherwise known as the intervention fidelity (Taylor et al., 2015). 
Given that exercise intensity is an important mediator in the adaptations promoted by 
chronic training (MacInnis & Gibala, 2017); exercise intensity quantification can 
provide a more thorough quantification of the “dose” of an exercise intervention 
(Taylor et al., 2015). The a priori specified high-intensity exercise criterion in 
BE@Work was ≥85% of age-predicted HRmax (Weston et al., 2014a). Across the 
intervention, the median proportion (interquartile range) of repetitions where the high-
intensity exercise criterion was attained was 70% (53% to 84%). Previous evaluations 
of intervention fidelity in HIT trials with older adults (Hurst et al., 2018b) and 
adolescents (Taylor et al., 2015) have categorised high-intensity exercise criterion 
attainment proportions of between 58% (Taylor et al., 2015) and 62% (Hurst et al., 
2018b) of repetitions as ‘moderate’ intervention fidelity. With this in mind and using 
the recently proposed intervention implementation and fidelity thresholds of <50% 
‘low’; 50 to 70% ‘moderate’ and >70% ‘high’ (Hurst et al., 2018b), the intervention 
implementation in BE@Work could be described as moderate to high. However, 
caution is warranted when interpreting this data, because the analysis presented 
constitutes a per-protocol analysis (i.e. including only attended sessions). 
Furthermore due largely to limited equipment availability, heart rate was measured in 
94% of attended sessions, rather than all sessions. Although it has been suggested 
that intention-to-treat analysis (i.e. also considering data from missed sessions) is the 
least biased and preferred approach for the analysis of intervention implementation 
and fidelity data (Taylor et al., 2015), given the exploratory nature of the BE@Work 
trial the intention was to explore if the intensity criterion was complied with by 
participants attending the exercise sessions. To conduct an intention-to-treat fidelity 
analysis with acute heart rate data, the preferred method is to input missed exercise 
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sessions with a heart rate value that corresponds to 40% of the participants HRmax 
(Taylor et al., 2015). In the BE@Work trial due to limited availability of heart rate 
monitors during HIT sessions, it was not possible to collect heart rate data for each 
participant at all of the HIT sessions they attended across the intervention. Therefore 
if an intention-to-treat analysis had been conducted with the data available from the 
BE@Work trial, this may have resulted in an inaccurate estimation of the true 
intervention fidelity because heart rate values would have been inputted as missed 
sessions (i.e. 40% HRmax), when in fact participants had attended the session but 
heart rate monitors were not available. If heart rate data is available for every attended 
session, future trials could conduct an intention-to-treat analysis to more rigorously 
quantify intervention fidelity.  
 
Although mean peak heart rate across the BE@Work intervention was above the 
specified high-intensity criterion (87%) this is lower than the mean peak heart rate 
reported in previous community (95 ±3% HRmax Reljic et al., 2018) and workplace (91 
±3% HRmax Shepherd et al., 2015) HIT trials. Although between-study differences are 
likely multifaceted, one possible explanation could be differences in exercise 
modalities (Buchheit & Laursen, 2013a). Both Reljic et al., (2018) and Shepherd et 
al., (2015) exclusively used cycle ergometers as the HIT modality, whereas the 
BE@Work intervention used a range of novel exercise modalities that did not require 
extensive exercise equipment. However the intensity of the modalities used in the 
present study could not be manipulated in the same way as cycle ergometers, which 
may explain the lower relative intensity.  With regards to the uniformity of the HIT 
dose, the relatively small within-subjects SD (5.5 percentage points of the mean peak 
heart rate) indicates that the intensity of the HIT intervals remained relatively similar 
throughout each high-intensity bout across the intervention. Furthermore the 
relatively small between-subjects SD (3.7 percentage points of the mean peak heart 
rate) indicates that the intensity was also relatively similar between the BE@Work 
participants. These findings demonstrate the quality of the delivery of the BE@Work 
intervention, and its receipt and enactment by the participants (Taylor et al., 2015). 
The mean session RPE score (6 AU) across the BE@Work intervention is between 
the qualitative descriptors of “hard” and “very hard”, which is similar to the mean 
session RPE reported following acute HIT sessions comprising stair climbing, 
stepping and boxing presented in Chapter Five and a previous workplace HIT trial 
(Allison et al., 2017). Similar to the heart rate data, the relatively small within and 
between-subjects SDs (1.3 AU and 1.4 AU, respectively) indicate that the perception 
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of effort in the HIT sessions was relatively uniform both across the intervention and 
between participants.  
 
As previously described due to difficulties in obtaining responses to acute affect and 
enjoyment data collection attempts, a cautious approach was taken in the 
interpretation of this data. Descriptive data are presented with no further analysis 
conducted. Mean enjoyment scores ranged from 110 to 116 AU across the BE@Work 
intervention which is similar to, or slightly higher than the enjoyment scores reported 
following single sessions of HIT in the study presented in Chapter Five (96 AU to 109 
AU). In the PACES, scores range from 40 to 126 AU with higher scores indicating 
higher enjoyment and so the findings here suggest high enjoyment in the BE@Work 
trial. Enjoyment responses observed in the present study are similar to those reported 
in a previous cycle ergometer based HIT trial with overweight and inactive adults 
(mean: 100 ±4 AU) (Vella et al., 2017). Although there is evidence to suggest that 
enjoyment responses can increase over the duration of HIT programmes (Heisz et 
al., 2016), given the issues encountered in the collection of PACES data and the 
resultant small sample size, the present study cannot robustly assess if enjoyment 
changed over the course of the BE@Work intervention. This study is the first 
workplace HIT trial to assess enjoyment therefore direct comparisons with similar 
trials cannot be made.    
 
Possible PANAS scores range from 10-50 for both positive and negative affect 
scores, with higher scores indicating higher positive and negative affect. Normative 
PANAS data indicate mean positive affect score of 31 AU and mean negative affect 
score of 16 AU (Crawford & Henry, 2004). Baseline affect scores in the BE@Work 
participants were 30 ±8 AU and 14 ±4 AU for positive and negative affect, 
respectively. These values are similar to normative values, indicating that the sample 
was sub-clinical in terms of affect as expected. Although it cannot be confirmed from 
the descriptive data presented, it appeared that positive affect increased steadily from 
30 ±8 AU at baseline to 38 ±8 AU and 36 ±8 AU in week six and eight respectively. 
However this observation should be interpreted with caution given the limited sample 
size, especially in the latter weeks of the intervention. Furthermore, negative affect 
scores remained slightly lower than normative values in the BE@Work sample from 
14 ±4 AU at baseline to 12 ±2 AU in week eight of the intervention.  Although the 
acute effect of HIT on psychological responses has been assessed in numerous trials 
(Bartlett et al., 2011; Hyodo et al., 2018; Jung et al., 2014), the chronic effect of HIT 
on affect is less well studied. The PANAS was used to assess the effect of 10 weeks 
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of cycle ergometer-based HIT on affect in a previous workplace HIT trial (Shepherd 
et al., 2015). Although post-intervention there was an increase in positive affect (0.21 
AU) and a decrease in negative affect (0.47 AU) scores, the findings were presented 
on a 1-5 scale, which is not specifically recommended by the scale developers 
(Watson et al., 1988), and therefore direct between study comparisons are precluded.  
 
Anecdotally, participants in the BE@Work trial reported that alongside completion of 
the RPE scale following each HIT session, completing the PANAS and PACES 
questionnaires were perceived as too cumbersome which may explain the poor 
response rate. This issue was exacerbated when management representatives 
expressed concerns relating to the volume of paper-work required of BE@Work 
participants, which they felt was impacting on work commitments. In light of these 
issues, to reduce participant burden, future studies could look to utilise single item 
affect scales such as the Affect Grid (Russell et al., 1989) or a single item exercise 
enjoyment scale (Stanley & Cumming, 2010).   
 
Limitations 
This is the first controlled trial exploring the feasibility and effects of a multi-modal HIT 
intervention delivered in a non-academic workplace on markers of physical fitness, 
cardiometabolic and mental health. Although meaningful improvements in CRF, 
vitality, general health perceptions and perceived stress were observed, the study is 
not without limitations. Due to the exploratory nature of the BE@Work trial and the 
resultant small sample size, effects were only declared meaningful when if the 
outcome probability emerged as likely (≥75%), and this has recently been described 
as weak evidence (Sainani et al., 2019). While the confidence interval for the 
intervention effects that were declared meaningful contained more coverage for 
benefit than harm, these findings may need to be interpreted cautiously. Secondly, 
the non-randomised allocation of participants to study groups may have introduced 
selection bias, where systematic differences in the treatment groups arise at baseline 
(Deeks et al., 2003). Although the inclusion of baseline outcome values as a covariate 
in the statistical analysis may have partly mitigated this threat to validity, the findings 
should nonetheless be interpreted with caution. Another potential limitation relates to 
the use of a submaximal prediction of VO2max (Chester step test). The gold standard 
test for the assessment of VO2max (CPET) (Shephard, 1968) was not logistically 
possible in the present study due to time, equipment and space constraints during 
baseline and post-intervention data collection. As described in Chapter Two of this 
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thesis, it is acknowledge that the validity of predictive CRF assessments have been 
questioned (Grant et al., 1999). Of particular importance to the present body of work, 
it is unclear whether the Chester step test is valid for detecting a change in CRF over 
time, despite the test appearing to be acceptably reliable on a test-retest basis 
(Bennett et al., 2016). To determine the validity of the Chester step test for use in 
chronic training studies, future work is required comparing true CPET assessed and 
Chester step test predicted VO2max in terms of their agreement in tracking changes in 
VO2max. As such a study is yet to be conducted, the validity of the Chester step test 
assessed VO2max predictions in the BE@Work trial could be questioned. However, 
the Chester step test provides a quantification of CRF in terms of VO2max, meaning 
that the findings of the present study are directly comparable to previous HIT trials. 
The validity of the Chester step test may be impacted by the selection of the step 
height for each participant which is based on the age and usual physical activity levels 
of individual participants (Sykes, 2018). This required the thesis author to make a 
decision with the information available at the time of baseline data collection. Although 
the upmost care was taken to make an informed step height decision, given that four 
step heights are available it is not possible to know if step height selection was optimal 
for each participant. If the step was too high this may have resulted in a mechanical 
disadvantage, while if the step was too low this may not promote the desired 
cardiorespiratory response (Bennett et al., 2016). However, as step height was 
standardised for each participant between baseline and post-intervention data 
collection, the impact of step height decision on the reliability of the Chester step test 
was minimised (Sykes, 2018). To minimise learning effects that have been noted in 
the Chester step test (Buckley et al., 2004; Sykes & Roberts, 2004), it has been 
recommended that the test is administered twice at baseline (Bennett et al., 2016). 
Unfortunately, due to logistical issues (limited time and room availability in the 
participating organisations) it was not possible to administer the test more than once 
at baseline. Although this is a limitation, the mean differences between the repeated 
measurements noted by Sykes and Roberts (2004) and Buckley et al., (2004) were 
minimal and may not have been clinically meaningful (-0.7 mL·kg-1·min-1 and -0.8 
mL·kg-1·min-1, respectively).  
 
The use of non-fasted finger prick blood samples could also be considered a limitation 
of this body of work. Although non-fasted blood samples are recommended for use in 
clinical practice as they appear to better predict CVD risk (Nordestgaard et al., 2016) 
it is acknowledged that the postprandial response for both glucose and triglycerides 
can be affected by a range of acute factors such as the content and timing of the 
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previous meal and previous physical activity (Lopez-Miranda et al., 2007; Dixon et al., 
2009).  Although in the BE@Work trial, efforts were made to ensure the content and 
timing of meals were the same at both data collection time-points, and fasting status 
was included as a co-variate in the analysis, it is acknowledged that it was not 
possible to acutely control and replicate all of the factors that may have affected non-
fasting blood lipid and glucose concentrations. Therefore the detection of relatively 
small changes in blood lipids and glucose in response to training may not have been 
possible. Future workplace HIT trials could seek to assess fasted blood lipids and 
glucose, however this would necessitate that data collection was conducted early in 
the morning only, to avoid participants being required to fast for long periods of time 
into their working day. Clearly, this would have implications for the conduct of 
workplace research studies, as often the timing of data collection is dictated by the 
organisation due to room or staff availability.  
 
It could be suggested that the extrapolation of the findings of this exploratory trial are 
limited due to the small number of participants and study sites. It is acknowledged 
that studies with small sample sizes may have low statistical power which can 
overestimate or exaggerate the magnitude of an effect (Button et al., 2013). However 
it should be noted that this study was conducted largely independently by the thesis 
author, and the inclusion of more participants or study sites without assistance from 
more researchers would have compromised the delivery of the intervention. 
Participants in the present study were healthy middle-aged adults; therefore the 
findings cannot be extended to other populations for example older adults or clinical 
populations. Furthermore, the participants involved in the present study exhibited 
moderate fitness levels at baseline (VO2max 33.5 mL·kg-1·min-1 in women and 42.7 
mL·kg-1·min-1 in men). Given the mean age of participants (49 years for females and 
40 years for males) according to normative data from the American College of Sports 
Medicine, this fitness level would be classified as “fair” to “good” (Liguori, 2018). In 
the discourse surrounding the feasibility and acceptability of HIT for public health 
improvement, critiques of HIT commonly suggest that it will have limited appeal in 
unfit or inactive populations (Biddle & Batterham, 2015; Hardcastle et al., 2014). 
Based on the mean baseline VO2max of participants in the present study, the 
acceptability and feasibility of HIT in very deconditioned individuals cannot be 
addressed from the results of this study per se. However, the relatively large standard 
deviation of the baseline VO2max (±5.0 mL·kg-1·min-1 in women and ±6.3 mL·kg-1·min-
1 in men) indicates that participants with a range of fitness levels were recruited to this 
study. Given the pilot nature of this study, it was not intended to exclude participants 
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based on their baseline fitness or habitual activity level, which has been enacted in 
previous HIT trials (Lunt et al., 2014; Shepherd et al., 2015). However, future studies 
could aim to specifically recruit low active or unfit individuals to further examine the 
acceptability of HIT in such groups. To date, real-world HIT interventions in adults 
have been largely short duration, with no longitudinal follow-up data available. 
Therefore the long term impact of HIT on markers of physical fitness, cardiometabolic 
and mental health is unknown. While it was not pragmatically possible, the absence 
of longitudinal follow-up data is a further limitation of this study.  
 
Although the intervention implementation data and analysis presented in this study 
(heart rate and RPE data) begin to explore the process of implementation of the 
BE@Work trial, future work could assess participant or stakeholder perceptions of 
the intervention as part of a process evaluation (Bauman & Nutbeam, 2013). This 
could take the form of focus groups or semi-structured interviews with participants 
and management representatives from participating organisations (Bauman and 
Nutbeam, 2013).   
 
6.5 Conclusion 
The BE@Work trial was the first multi-activity workplace-based HIT trial to be 
implemented in a non-academic workplace. Compared with the control group, post-
intervention meaningful improvements in predicted VO2max, two domains of HR-QoL 
(vitality and perceptions of general health) and perceived stress were observed. Low 
levels of drop-out, high session attendance and promising preliminary implementation 
data indicate that multi-activity HIT could be feasibly integrated into a workplace 
exercise intervention. Whilst the limitations of the prediction of VO2max and the 
exploratory nature of this trial are acknowledged, BE@Work could present a novel 
and viable workplace-based exercise intervention that may be feasible, acceptable 
and engaging for some individuals. The findings of this feasibility trial support the 




Chapter 7: Synthesis of findings 
 
The chapters of this thesis documented a programme of work undertaken with the 
overall aim of exploring the feasibility and effects of workplace-based high-intensity 
interval training (HIT) on markers of physical fitness, cardiometabolic and mental 
health in adult employees. In line with guidance from the Medical Research Council, 
for the development and evaluation of complex interventions (Craig et al., 2008), this 
programme of work used an iterative mixed methods approach to develop a 
workplace-based HIT intervention, named Brief Exercise at Work (BE@Work). Here, 
the findings of earlier studies informed the research questions and methods of 
subsequent work. The aim of this final chapter is to interpret and contextualise the 
findings of the studies presented throughout the thesis. Reflections on the programme 
of work and the limitations will be considered, and recommendations for future 
research will be discussed. 
 
7.1 Summary of individual study findings 
7.1.1 Study One. Effects of workplace-based exercise interventions on 
cardiorespiratory fitness: a systematic review and meta-analysis of controlled 
trials. 
 
Workplaces may provide a relatively controlled setting in which to improve 
cardiorespiratory fitness (CRF) in adults through exercise training. However, limited 
work has been conducted to quantify the effect of delivering exercise in the workplace 
on CRF. This systematic review used random effects meta-analysis to quantify the 
effects of workplace-based exercise interventions on VO2max and explored the 
modifying effects of study and participant characteristics. Twelve controlled trials 
including 733 participants were included in the final data set and random effects meta-
analysis demonstrated that when compared with controls, workplace exercise 
interventions resulted in an improvement in VO2max of 2.7 mL·kg-1·min-1 (90% CI: 1.6 
to 3.8 mL·kg-1·min-1). Although this is lower than the effects observed in a previous 
meta-analysis of broadly defined workplace physical activity interventions (3.5 
mL·kg−1·min−1) (Conn et al., 2009), this may be due to the inclusion of non-controlled 
trials in the meta-analysis which can inflate effect estimates (Higgins & Green, 2008). 
As such this meta-analysis may present an updated and less biased estimate of the 
effect of workplace-based exercise interventions on CRF. Nonetheless, as a 1 mL·kg-
1·min-1 increase in VO2max has been associated with a 9% relative risk reduction in all-
cause mortality (Laukkanen et al., 2016); the magnitude of improvements in VO2max 
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induced by workplace exercise interventions could be clinically meaningful. 
Furthermore, because the modifying effects of participant characteristics explained 
only a very limited proportion of the heterogeneity of the effect, it was concluded that 
no single group (e.g. older employees or less fit individuals) could be definitively 
identified as standing to benefit more from workplace exercise interventions at this 
stage.  
 
7.1.2 Study Two. A formative evaluation of a workplace-based high-intensity 
interval training intervention: Brief Exercise at Work (BE@Work). 
Although workplace-based exercise interventions can elicit meaningful adaptations in 
CRF, the data presented in Study One does not indicate how an exercise intervention 
could be practically implemented in to a workplace. Indeed, it has been recommended 
that formative work with key stakeholders is undertaken during intervention 
development (Bauman & Nutbeam, 2013). Accordingly, this study used qualitative 
focus group and interview data to formatively evaluate the proposed BE@Work 
workplace HIT trial and used the findings to further develop the trial protocol.  
 
Eight focus groups (n=38) and four management interviews (n=4) were conducted 
across six organisations in the Teesside area of the North East of England. The 
BE@Work trial protocol described to participants involved 6-10 weeks of thrice 
weekly workplace-based HIT sessions. Based on participant feedback, no changes 
were made to the planned length of the intervention or frequency of exercise 
sessions. However, no consensus was established in terms of an appropriate time of 
day for HIT sessions and participants suggested that multiple HIT sessions should be 
facilitated across the day. Group-based HIT sessions were preferred rather than 
individual sessions, which is encouraging as group-based interventions may reduce 
attrition and promote long-term adherence to physical activity prescriptions (Mangeri 
et al., 2014). While some participants perceived that HIT would be a novel and 
engaging activity, others suggested that it could be perceived as inappropriate or 
could confer a risk of injury for inactive individuals. While there is evidence to suggest 
that some individuals can regard HIT positively (Stork et al., 2018) and that HIT can 
be perceived as a novel and interesting exercise option (Kinnafick et al., 2018), 
participants in this study perceived that explaining the relative intensity of HIT to 
potential BE@Work participants may alleviate concerns relating to the intensity of the 
exercise. Participants perceived that a choice in a variety of exercise modalities both 
within and between HIT sessions was important to enhance engagement. A variety 
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of exercise modalities has previously been reported as a motivating factor that 
enhanced attendance and adherence to gym-based HIT classes (Burn & Niven, 
2018). Participants selected stair climbing, stepping and boxing as feasible and 
acceptable HIT modalities. The resultant trial protocol involved 8-weeks of thrice 
weekly workplace-based HIT sessions, involving stair climbing, stepping and boxing, 
with a number of group-based sessions offered throughout the working day.  
 
Detailed information about how qualitative data can be used to tailor the development 
of exercise interventions is currently lacking in the literature. While qualitative 
methods have been used to undertake a process evaluation of a workplace HIT 
intervention following implementation (Kinnafick et al., 2018), this study is the first 
formative evaluation of a workplace HIT trial. As such, this study demonstrates how 
participant and stakeholder opinions can be incorporated into intervention 
development, which could be applied in a variety of health promotion contexts both 
within and beyond exercise trials.   
 
7.1.3. Study Three. The acute physiological and perceptual responses to three 
novel modes of high-intensity interval training. 
 
Although participants of the formative evaluation of the BE@Work trial selected stair 
climbing, stepping and boxing as preferred HIT modes, whether these modes can be 
incorporated into a HIT protocol is unknown. Accordingly, this randomised cross over 
trial assessed the acute physiological (heart rate and blood pressure) and 
psychological (rating of perceived exertion [RPE], mood and enjoyment) responses 
to a HIT protocol based on stair climbing, stepping and boxing and explored whether 
these outcomes substantially differed across HIT modes.  
 
Eighteen adults were randomised to the order they completed three laboratory HIT 
sessions of stair climbing, stepping and boxing, and fifteen participants completed all 
three modes. It was demonstrated that the HIT protocol applied (4x 60sec high-
intensity bouts, with 75secs of rest) incorporating the novel activity modes elicited 
mean peak heart rates (85 ±8% maximal heart rate [HRmax], 86 ±7% HRmax 85 ±5% 
HRmax for stair climbing, stepping and boxing respectively) indicative of high-intensity 
work (i.e. ≥85%HRmax), with no substantial differences between modes. Furthermore, 
participants perceived the exercise to be of ‘hard’ or ‘very hard’ intensity using the 
CR-10 RPE scale (Borg, 1998). While there were no substantial differences in RPE 
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between stair climbing and stepping, RPE was lower for boxing compared with both 
stair climbing (-2 arbitrary units [AU]) and stepping (-2 AU). There were no substantial 
differences from baseline or between modes in blood pressure or mood responses. 
Lastly, enjoyment scores ranged from 96 AU to 109 AU out of a possible 126 AU, with 
no substantial between-mode differences, indicating similar and high levels of 
enjoyment. 
 
This is the first study to quantify the acute physiological and psychological responses 
to novel HIT modes based on stair climbing, stepping and boxing in adults. The 
findings indicate that the modes could be incorporated interchangeably within a HIT 
intervention, which may be perceived as enjoyable for some participants, without 
compromising the intensity of the exercise. 
 
7.1.4 Study Four. Brief Exercise at Work (BE@Work): a controlled feasibility 
trial of a high-intensity interval training intervention delivered in the workplace.  
 
The formative evaluation of the BE@Work trial explored participant views on the 
preferred implementation of a workplace HIT trial. Subsequently, the capacity for 
novel modes of HIT, selected by formative evaluation participants, to elicit a high-
intensity response was investigated in a randomised cross-over trial, with findings 
indicating physiological and perceptual responses indicative of high-intensity 
exercise. However, the effects of novel HIT delivered in the workplace on health and 
fitness variables remains unknown. Accordingly, this study evaluated the feasibility 
and effects of a controlled feasibility trial of an 8-week multi-activity workplace-based 
HIT intervention on markers of physical fitness, cardiometabolic and mental health in 
employees. Fifty-four office-based employees (mean age ±SD: 46 ±11 years) were 
recruited from two workplaces in the Teesside area of the Northeast of England; one 
as an intervention site (n = 30), the other as a no-treatment control group (n = 24). 
The 8-week intervention comprised of thrice-weekly workplace-based HIT sessions 
consisting of 4 to 7x 60 second maximal effort intervals interspersed with 75 seconds 
of rest, based on stair climbing, stepping and boxing. Outcomes assessed at baseline 
and post-intervention were cardiorespiratory fitness (maximal oxygen consumption 
[VO2max]), leg extensor muscle power, handgrip strength, body mass index, waist 
circumference, blood pressure, blood lipids and glucose, health-related quality of life 




Mean (±SD) session attendance in BE@Work was high (82% ±15%) and similar to 
reported attendance in other real-world HIT trials in adults (range 63-99%) (Allison et 
al., 2017; Lunt et al., 2014). As 70% of the high-intensity bouts were performed at or 
above the high-intensity criterion (e.g. ≥85% HRmax), the intervention fidelity could be 
described as moderate to high (Hurst et al., 2018b). Both the mean peak heart rate 
(87% HRmax) and session RPE (6 AU) across the intervention, were indicative of high-
intensity work. Post-intervention, compared with control, there was a beneficial 
increase in VO2max (3.9 mL·kg-1·min-1) which is similar to, or greater than, changes 
observed in similar community-based physical activity or exercise training 
programmes based on moderate to vigorous intensity activity (2.2 to 4 mL·kg-1·min-1) 
(Asikainen et al., 2002; Dalleck et al., 2014). However, the improvement in VO2max 
observed in the BE@Work trial was achieved with a lower weekly time commitment 
(45 to 75 mins per week vs. 120 to 325 mins per week). Additionally following the 
BE@Work trial, there were likely beneficial effects on two domains of HR-QoL (vitality: 
+8.7 AU and general health perceptions: +4.8 AU), which were similar to the effect of 
a previous 6 month exercise training intervention based on moderate to vigorous 
intensity activity (vitality +6.2 AU and general health perceptions: +7.1 AU (Martin et 
al., 2009)). There was a beneficial decrease in perceived stress (-2.6 AU) following 
the BE@Work trial. Although there is evidence to suggest that workplace-based 
health and exercise interventions can improve perceived stress (Kettunen et al., 
2015), direct between-study comparisons are problematic due to differences in 
assessment tools used across the studies.  
 
The BE@Work trial extends the positive findings from previous laboratory and 
workplace HIT trials suggesting that HIT can improve VO2max (Allison et al., 2017; 
Shepherd et al., 2015; Weston et al., 2014b). However this is the first controlled trial 
demonstrating that novel workplace HIT can elicit meaningful improvements in 
markers of mental health. These findings may be particularly important from an 
organisational health perspective, as mental ill health and stress are leading 
contributors to the burden of occupational disease and injury (Kivimäki et al., 2010; 
Marmot et al., 2006).  
 
7.2 Implications of the findings 
Although HIT has recently been included in public health physical activity guidelines 
(Department of Health and Social Care, 2019; 2018 Physical Activity Guidelines 
Advisory Committee, 2018), there is debate surrounding the potential public health 
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impact of HIT, with critiques focusing on possible poor reach and adoption of HIT as 
a physical activity behaviour (Biddle et al., 2015; Biddle & Batterham, 2015). One 
common misunderstanding is that the purpose of HIT is to increase population wide 
levels of physical activity (Biddle et al., 2015); however it is argued here that this is 
not the intended purpose of HIT. The purpose of HIT is to elicit the health and fitness 
adaptations associated with physical activity, independently of total physical activity 
behaviour change or energy expenditure. As there is now a growing body of evidence 
suggesting that HIT can elicit adaptations in important aspects of physical fitness, 
cardiometabolic and mental health, both within and outside of laboratory 
environments, it is argued here that HIT should be incorporated into public health 
physical activity guidelines. Proponents of HIT are not advocating that traditional 
physical activity guidelines are replaced with HIT prescriptions, rather that HIT 
warrants a place among a range of traditional physical activity prescriptions (Biddle & 
Batterham, 2015).  
 
Similarly, it has been argued that HIT has limited scalability because it requires 
access to expensive specialist equipment and may be unappealing to some 
individuals (Hardcastle et al., 2014). Scalability is defined as “the ability of a health 
intervention shown to be efficacious on a small scale and or under controlled 
conditions to be expanded under real world conditions to reach a greater proportion 
of the eligible population, while retaining effectiveness” (Milat et al., 2012, pg. 288). 
The scalability of a health intervention is essential to maximise the potential 
population wide health impact of the intervention (Milat et al., 2012). As the BE@Work 
trial was implemented under real-world conditions, this body of work begins to explore 
the potential scalability of HIT. However, given the exploratory nature of the 
BE@Work trial and resultant small sample size, whether workplace HIT can be scaled 
to reach a larger proportion of the working population remains unknown. Furthermore, 
while this body of work contributes to a growing evidence base demonstrating that 
some individuals are willing to participate in HIT and can have positive psychological 
responses to HIT (Burn & Niven, 2018; Jung et al., 2014; Stork et al., 2018), it is 
acknowledged that this form of exercise may not be appealing for all individuals. 
However, it has been highlighted that a “one-size-fits-all” physical activity or exercise 
prescription is unlikely to meet the requirements of all individuals (Vollaard & Metcalfe, 
2017) and therefore it is argued here that HIT provides a further opportunity to 
promote a menu of physical activity options and choices, that could be tailored to a 
range of settings to suit individual needs and preferences (Thompson et al., 2015), 




7.2.1 Research implications 
The work presented in this thesis has begun to develop an understanding of how 
novel modes of HIT can be incorporated into a workplace HIT programme and the 
effects of workplace-based HIT on markers of physical fitness, cardiometabolic and 
mental health. Despite this, it is acknowledged that there were limitations in this body 
of work that may limit the generalisability and wider application of the findings, and as 
such a number of areas for further investigation and recommendations for future 
research practice have been identified.    
 
Firstly, as the BE@Work trial was exploratory in nature, it is acknowledged that a 
multisite randomised controlled trial with a larger sample size is needed before more 
definitive conclusions can be made about the effectiveness of workplace-based HIT. 
Furthermore, the data presented throughout the thesis represent quantitative 
intervention implementation data and an outcome evaluation, where the effect of the 
intervention on health and fitness variables was explored (Bauman & Nutbeam, 
2013). Although this data begins to explore the implementation and effects of the 
intervention, future workplace HIT trials could also conduct a process evaluation, to 
further explore the acceptability and feasibility of the intervention (Bauman and 
Nutbeam, 2013). This could take the form of qualitative focus groups with intervention 
participants and management representatives.  
 
Although the BE@Work trial was the first workplace HIT trial to be implemented in a 
non-academic workplace, it is acknowledged that the organisations involved in this 
programme of work were office-based organisations, and so the acceptability and 
feasibility of implementing HIT in other types of organisations is unknown. The 
organisations involved in this body of work operated flexible and largely autonomous 
working policies, which allowed participants to schedule exercise or data collection 
autonomously. It is acknowledged that this may not be possible in all occupations or 
organisations. For example in manual labour working environments or health care 
settings, an individual may be unable to leave their workplace to participate in 
exercise with the relative ease of the participants in the present body of work. 
Furthermore, in hazardous working environments, it may not be safe or practical to 
participate in exercise within or nearby to the working environment. Future studies 
could aim to explore the feasibility and effects of HIT delivered in a broader range of 




It was highlighted earlier in this thesis that cardioprotective health promotion 
programmes are needed in the areas where the BE@Work trial was implemented 
(Stockton-On-Tees and Redcar & Cleveland) due to high levels of deprivation and 
cardiovascular disease rates (Public Health England, 2017). It is, however, 
acknowledged that individuals working in the organisations where BE@Work was 
developed and implemented may not necessarily have lived in the areas where the 
organisations were located, and as such, may not have experienced such high levels 
of deprivation. To account for this, future studies could seek to control for the influence 
of socioeconomic status by collecting information on income or residential postcode 
at baseline and including this value as a covariate in the outcome variable analysis. 
Furthermore, employment in itself is an important determinant of physical and mental 
health and unemployed individuals have poorer morbidity and mortality outcomes 
than those in employment (Bartley et al., 2005). Therefore, it could be argued that as 
participants in this programme of work were in stable employment, they may not 
experience the same levels of deprivation and associated poor health as other 
residents in the geographical area. Nonetheless, as poor health is a risk factor for 
early exit from employment (i.e. before retirement age) (van Rijn et al., 2014), 
enhancing or maintaining the health of the workforce through cardioprotective health 
promotion programmes is essential.  
 
As described throughout this thesis there is debate surrounding the acceptability and 
feasibility of HIT in inactive and deconditioned populations (Biddle & Batterham, 2015; 
Hardcastle et al., 2014). It was not intended in this body of work to specifically target 
these populations, and across the experimental studies, on average participants were 
not inactive at baseline (mean baseline physical activity: 1795 ±1271 MET min-1 and 
1591 ±1338 MET min-1 in Study Three and Four, respectively) and the average 
baseline VO2max in the BE@Work trial was not notably poor (baseline VO2max women: 
33.5 ±5.0 mL·kg-1·min-1 and men: 42.7 ±6.3 mL·kg-1·min-1). Although it could be 
argued that this body of work had limited reach in terms of the participants included 
in the studies, the large standard deviations around the mean values of the physical 
activity and baseline CRF levels of participants may indicate that a range of 
participants were recruited. Indeed, this may more accurately represent the 
individuals present in a working environment, as it is likely that individuals with a 
variety of physical activity experience and fitness levels will be employed within 
organisations. Furthermore, it may not be ethical to exclude willing participants from 
workplace health promotion programmes based on baseline activity or physical 
fitness level. The exclusion of selected employees from workplace health promotion 
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initiatives may not be viewed favourably by participating organisations, as this could 
be viewed as discrimination in the workplace.  
 
Across the three primary data collection studies presented in this thesis 42, 18 and 
55 participants were recruited and 63% of those participants were female.  Although 
this may be unsurprising as women are more typically recruited to physical activity 
interventions than men (Waters et al., 2011) in the context of the wider body of HIT 
research, it is encouraging as the majority of early HIT trials included mostly male 
participants (Burgomaster et al., 2005; Rognmo et al., 2004; Whyte et al., 2010). The 
recruitment of a higher proportion of females in the present body of work may 
therefore represent a shift towards a higher representation of women in HIT trials, 
which increases the generalisability of the HIT literature as a whole. However this 
could also be indicative of the gender balance in the participating organisations, 
although this is purely speculative as the organisations were unable or unwilling to 
share this data with the thesis author. Future workplace HIT trials could aim to assess 
if the gender balance in recruited participants is indicative of the organisational gender 
balance. 
 
In terms of the wider HIT literature, while it is acknowledged that the majority of work 
to date has utilised cycle ergometers or treadmills as the exercise modality, this thesis 
has demonstrated that scalable activities such as stair climbing and stepping can be 
successfully incorporated into a HIT protocol capable of improving physical fitness 
and markers of mental health. Although this modality may not be appealing or 
appropriate to all individuals, the use of accessible activities such as stair climbing 
and stepping begins to address these scalability issues. Future workplace HIT trials 
could seek to incorporate a wider range of novel HIT modalities, particularly those 
which require limited equipment (such as body weight only exercises like star jumps 
and squat jumps), which would lower the associated cost of an intervention and 
potentially increase scalability.  
 
Although the majority of HIT trials conducted to date involve single sessions of HIT 
per day, there is systematic review evidence to suggest that the effects of 
accumulated bouts of exercise throughout a day, compared with a single continuous 
exercise session of the same intensity and total duration (e.g. 3x 10 minutes vs. 1x 
30 minutes), on markers of physical fitness and cardiometabolic health are similar 
(Murphy et al., 2019). The efficacy of sprint interval training (SIT) “snacks” involving 
three 20 second all-out cycle sprints interspersed throughout the day (~1 to 4 hours) 
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has begun to be explored in young, healthy adults, with similar improvements in 
VO2max observed when compared with traditional SIT (+1.5 mL·kg−1·min−1 in the snack 
group and 1.9 mL·kg−1·min−1 in the SIT group) (Little et al., 2019). Bouts of HIT spread 
throughout the day could be incorporated into a workplace HIT intervention, however 
the effectiveness of HIT “snacks” outside of the laboratory and with novel modes of 
HIT is yet to be explored. Indeed it is questionable whether such short bouts of HIT 
using the novel modes used in the BE@Work trial would elicit heart rates indicative 
of high-intensity exercise, which may attenuate the training response. Furthermore, 
the safety of completing all-out sprints of novel HIT modes without a thorough warm 
up may be questionable. Additionally, the participants of the formative evaluation of 
the BE@Work trial (Study Two) reported a preference for group-based workplace 
exercise, which has previously been reported to enhance adherence to exercise 
prescriptions (Mangeri et al., 2014). Indeed, although individual HIT sessions were 
offered to BE@Work participants if they preferred, no participants expressed an 
interest in these sessions. If HIT “snacks” were to be incorporated into a workplace 
programme, it is unlikely that such a protocol would be group-based in nature, which 
may have implications for adherence and intervention fidelity.   Nonetheless, as this 
form of HIT has not been incorporated into a workplace HIT programme and a one-
size-fits all approach to exercise prescriptions is unlikely to suit all individuals 
(Vollaard & Metcalfe, 2017), future studies could seek to explore the acceptability, 
feasibility and effects of multiple HIT bouts interspersed throughout the day, in 
workplaces.   
 
The majority of HIT trials conducted to date are short term (2 to 12 weeks) and the 
long-term adherence to, and effects of HIT are understudied. As such, this thesis 
supports recent calls for the implementation of long-term (i.e. ≥6 month) HIT 
interventions (Campbell et al., 2019). Indeed, whether a single short-term intervention 
would lead to long-term behaviour change or adherence to any physical activity 
prescription is questionable, especially as poor adherence to physical activity 
guidelines has been observed following the termination of previous short-term 
physical activity trials (Saida et al., 2017). As such, although the BE@Work trial does 
not address the issue of long-term sustainability of workplace HIT programmes, short-
term workplace physical activity or exercise programmes, such as the BE@Work trial, 
could play an important role in a “whole-system” approach to physical activity 
promotion and delivery, where opportunities to participate in physical activity in all 
aspects of an individuals’ daily life is enhanced (Speake et al., 2016). Furthermore, 
although purely speculative, the implementation of short-term workplace exercise 
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programmes could promote a culture of physical activity in a workplace, where even 
if individuals choose not to participate in exercise in the workplace, the presence of 
such programmes may encourage other forms of physical activity. For example, the 
implementation of workplace exercise programmes may require additional 
infrastructure, such as showers and changing rooms, which could encourage active 
transport.  
 
In the BE@Work trial, to maximise attendance, multiple HIT sessions were delivered 
across the week. While this may be one of the reasons for the high attendance 
observed in the trial (83%), it is acknowledged that outside of a research trial it may 
not be feasible for organisations to employ an exercise facilitator to deliver such a 
large volume of workplace HIT sessions. This clearly has implications for the potential 
scalability of workplace HIT interventions. Previous studies have used online 
platforms to deliver workplace exercise trials (Andersen et al., 2013) which may be 
applicable for workplace HIT trials. Similarly, it may be possible to implement a “train 
the trainer” intervention, where volunteers from organisations are trained to deliver 
HIT sessions within their workplace. Although these novel solutions may improve the 
scalability of workplace-based HIT, the safety, acceptability and feasibility of 
delivering high-intensity exercise using these methods has yet to be explored, and 
should be considered before the implementation of a program. 
 
As well as the promotion of aerobic physical activity, current public health physical 
activity guidelines also recommend two sessions of strength training per week to 
promote muscular fitness and bone health (Department of Health and Social Care, 
2019). Therefore a comprehensive exercise prescription for workplace exercise 
programmes could also contain a strength training element. Although stair climbing 
is one of the recommended strength training modalities in physical activity guidelines 
(Department of Health and Social Care, 2019), as there were no meaningful 
improvements in markers of muscular fitness observed in the BE@Work trial, which 
incorporated a stair climbing element, this may suggest that alternative strength 
training modalities may be required in this group. Future workplace exercise 
programmes could seek to incorporate a combination of HIT and strength training, to 
simultaneously improve cardiorespiratory and muscular fitness.  
 
As vigorous intensity exercise has been associated with increased risk of acute 
cardiovascular events in susceptible individuals (Thompson, 1996), there have been 
concerns regarding the safety of HIT (Biddle & Batterham, 2015). In the BE@Work 
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trial there were no serious adverse cardiac events, however participants were free 
from cardiac or metabolic conditions and therefore these findings cannot be 
generalised to clinical populations. It has been suggested that a “preconditioning 
phase” consisting of moderate intensity aerobic exercise (e.g. 20 to 30 min per 
session, a few times per week for several weeks) could be enacted prior to initiating 
HIT (Gillen & Gibala, 2014). This could be prudent in particularly deconditioned 
individuals as individuals with higher baseline fitness levels have reduced risks of 
exercise induced ischaemic events (Thompson et al., 2007). A pre-conditioning 
phase has been successfully incorporated into the exercise prescription in a previous 
HIT trial with older adults (Sculthorpe et al., 2017).  
 
One musculoskeletal injury which resulted in the participant withdrawing from the 
intervention occurred during the BE@Work HIT sessions. Given that the participant 
tripped over their feet on flat ground, it could be argued that this may have occurred 
irrespective of the type of exercise undertaken. Nonetheless, in a recent review of 
HIT trials in inactive or sedentary participants, across the 67 included trials (n=1318 
participants), twenty individuals withdrew from interventions due to musculoskeletal 
injuries related to the study protocol (Reljic et al., 2019). The majority of injuries (n=18) 
were sustained during running as opposed to cycle ergometer (n=2) HIT protocols. 
Musculoskeletal injuries are the most common complication associated with physical 
activity and exercise training (Garber et al., 2011), and annual musculoskeletal injury 
rates related to physical activity have been estimated at twenty five percent among 
previously inactive participants beginning a moderate intensity physical activity 
programme (Hootman et al., 2002). Of the reported injuries, a further one third of 
injuries related to physical activity result in withdrawal from the physical activity 
programme (Hootman et al., 2002). Although further work is needed to establish the 
risk of musculoskeletal injury associated with novel modes of HIT, the data available 
indicates that musculoskeletal injury rates in HIT may not be substantially different to 
other forms of physical activity. 
 
Comprehensive assessment of the exercise intensity in exercise trials is often lacking 
(Taylor et al., 2015). In the experimental studies presented Chapters Five and Six 
(studies three and four) a combination of objective and subjective assessment 
measures were used, which represents the best practice for evaluating exercise 
intensity (Weston et al., 2016b). Although heart rate monitors are a useful tool for the 
objective assessment of exercise intensity, it is acknowledged that this may limit the 
scalability of HIT interventions and the real-world application of HIT, given the 
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associated cost of the equipment. In the absence of heart rate monitors, the use of 
perceived exertion scales (RPE) could represent a viable and scalable alternative due 
to the limited equipment needed. Over the course of this programme of work, 734 
individual RPE values were collected, demonstrating the large volume of data that 
can be generated in exercise trials using this tool. Although previous work has 
recommended that three separate familiarisation sessions are required before the 
administration of RPE (Macpherson et al., 2019), it is acknowledged that such time 
intensive RPE familiarisation procedures may not always be feasibly possible in the 
context of real world HIT studies. Nonetheless, familiarisation with RPE scales is 
recommended in future studies seeking to quantify perceived exercise intensity using 
this subjective tool.  
 
In the BE@Work trial, various issues were encountered when obtaining responses to 
mood and enjoyment questionnaires, which resulted in a large proportion of missing 
data. For this reason, the chronic psychological responses to novel modes of HIT 
delivered in the workplace cannot be explored further from this body of work, and is 
yet to be fully elucidated. It is recommended that future studies seek to assess these 
important variables which may have implications for long-term participation and 
adherence to physical activity and exercise (Bartlett et al., 2011). To minimise 
participant burden, mobile phone or tablet applications could be used to streamline 
the collection of this data. Alternatively, researchers could explore the use of single-
item mood or enjoyment scales in both acute and chronic HIT trials such as the Affect 
Grid (Russell et al., 1989) or the single-item Exercise Enjoyment Scale (Stanley & 
Cumming, 2010).  
 
While it was acknowledged that one limitation in the BE@Work trial is the use of 
Chester step tests to predict VO2max, anecdotally it should be noted that some 
participants were nervous about the prospective of completing even a submaximal 
exercise test. Furthermore, no participants agreed to attend the laboratory for a 
maximal cardiopulmonary exercise test when offered. Indeed some participants noted 
that if they were required to undergo a maximal exercise test at baseline, they would 
reconsider their involvement in the trial entirely. Therefore although submaximal 
exercise tests are not the gold standard VO2max test, this highlights the impracticality 
of maximal testing with non-athletic populations. Although future work could look to 
assess the effect of exercise trials in non-athletic populations on VO2max via a 
cardiopulmonary exercise test, it is recommended that an alternative submaximal test 
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is considered to reduce the impact that maximal testing may have on participant 
burden and recruitment. 
  
7.2.2 Practical Implications 
As well as the implications for future research discussed previously, a number of 
broader practical implications have also arisen from this programme of work. 
Recruitment to physical activity and exercise trials is often problematic (Copeland et 
al., 2016). The three primary data collection studies presented in this thesis involved 
recruiting a total of 115 participants, all recruited solely by the author. Recruitment 
strategies included advertisements sent to staff email distribution lists, presentations 
by the thesis author at staff meetings and posters placed in prominent locations 
around the workplace. Although anecdotal, through informal discussions with 
participants it became apparent that although email advertisement of studies 
successfully recruited some participants across the three studies, the majority of 
participants were recruited following presentations in the workplace or via word of 
mouth from colleagues. This highlights the importance of face-to-face recruitment 
strategies and also indicates the importance of using multiple avenues to maximise 
recruitment. It is, however, acknowledged that such time intensive recruitment 
strategies such as attendance at multiple staff meetings may not be feasible in some 
studies. Although social media advertisements were not used in this body of work, 
future workplace physical activity or health research studies could utilise social media 
platforms as an alternative recruitment channel (Cooke & Jones, 2017). In the present 
body of work, the exact number of participants recruited via each recruitment strategy 
was not recorded as most participants became aware of the studies through a number 
of channels. There have been calls for physical activity trials to publish detailed 
recruitment information (Mutrie et al., 2010); therefore future HIT trials could aim to 
quantify the number of participants successfully recruited through various channels. 
Furthermore, to further improve the reporting of recruitment rates, future studies could 
report the number of participants recruited to workplace research studies as a 
percentage of the total number of staff within an organisation. However in the present 
body of work this was not possible, as the participating organisations were unable to 
provide the exact number of staff included in each of the email distribution lists used 
as part of the recruitment strategy.  
 
Research studies conducted within workplaces have a number of unique 
considerations in terms of the logistical organisation of data collection. Firstly, when 
recruiting organisations to a research project it is important to consider the size of an 
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organisation in terms of the objectives, methods and limitations of the research. To 
illustrate, six organisations were involved in the formative evaluation of the BE@Work 
trial, whereas only one of those organisations acted as the intervention site in the trial 
itself. Although three small organisations (<20 employees in total) expressed interest 
in the BE@Work trial, this would have required the facilitation of multiple HIT sessions 
across each working day in a number of different organisations. As the HIT sessions 
were conducted solely by the thesis author, this was not feasibly possible. Therefore 
a single larger organisation acted as the intervention site in the BE@Work trial. A 
larger team of researchers or exercise facilitators would be required to conduct HIT 
trials across multiple organisations, which was not possible in this programme of 
work.  
 
To maximise the potential reach and recruitment to workplace research studies, 
consideration should be given to peak times for high workloads in participating 
organisations. For example, informal discussions with management representatives 
may highlight that the end of the financial year is a particularly busy time-period in 
their organisation and therefore this time-period should be avoided for recruitment or 
conduct of research studies. Similarly, peak time-periods for annual leave should be 
avoided (i.e. school holidays), as this will reduce the availability of employees and 
likely negatively impact on recruitment.  
 
Room availability for data collection was problematic across the primary data 
collection studies presented in this thesis. As expected, priority was given to work 
related activities as opposed to the requirements of the research projects. As such, it 
is recommended that planning of data collection is conducted in the months leading 
up to the planned data collection, in conjunction with management teams within the 
organisations. For this to be possible, organisations will require an estimation of the 
number of participants required for recruitment, the length of time required to conduct 
data collection with the planned number of participants and the space or location 
requirements for data collection. Room availability was also problematic for workplace 
HIT sessions in the BE@Work trial. For this reason indoor sessions were offered 
when room availability permitted, however the majority of BE@Work HIT sessions 
were outdoor (70% of scheduled sessions). For future studies it is recommended that 
provisions are made to facilitate outdoor HIT sessions if possible, unless the 
participating organisation has a dedicated space for exercise. This is a potential issue 
in the scalability of workplace physical activity interventions in general, and is not 





The work presented in this thesis demonstrated that a novel multi-activity workplace-
based HIT trial, BE@Work, had beneficial effects on CRF, two domains of HR-QoL 
(vitality and general health perceptions) and perceived stress. The improvements in 
mental health variables elicited by the BE@Work trial could be particularly meaningful 
from an organisational perspective, as work-stress is a leading cause of sickness 
absence (Lauzier et al., 2017). It was demonstrated that a choice of multi-activity HIT 
options can be provided to participants both within and between HIT sessions, without 
compromising the intensity of the exercise and intervention implementation data 
suggested that HIT can be delivered as intended across a number of participants, 
across a workplace exercise programme. The importance of including key 
stakeholders during the intervention development process has been highlighted, and 
as such this thesis supports calls for detailed intervention planning data to be 
published alongside intervention protocols (Bauman & Nutbeam, 2013). Nonetheless, 
the limitations associated with the exploratory nature of the BE@Work trial are 
acknowledged and a definitive randomised controlled trial with a larger sample is 
needed, before more definitive conclusions can be drawn regarding the effectiveness 
of HIT. Future trials should seek to explore the long-term adherence to, and effects 
of workplace HIT, and explore the feasibility and acceptability of HIT in a broader 






2018 Physical Activity Guidelines Advisory Committee (2018) 2018 Physical Activity 
Guidelines Advisory Committee Scientific Report.  Washington (DC): U.S. 
Department of Health and Human Services. 
Abdin, S., Welch, R. K., Byron-Daniel, J. & Meyrick, J. (2018) The effectiveness of 
physical activity interventions in improving well-being across office-based workplace 
settings: a systematic review. Public Health, 160, 70-76. 
Abraham, C. & Graham-Rowe, E. (2009) Are worksite interventions effective in 
increasing physical activity? A systematic review and meta-analysis. Health 
Psychology Review, 3(1), 108-144. 
Acevedo, E. O., Rinehardt, K. F. & Kraemer, R. R. (1994) Perceived exertion and 
affect at varying intensities of running. Research Quarterly for Exercise and Sport, 
65(4), 372-6. 
Allison, M. K., Baglole, J. H., Martin, B. J., Macinnis, M. J., Gurd, B. J. & Gibala, M. 
J. (2017) Brief intense stair climbing improves cardiorespiratory fitness. Medicine 
and Science in Sports and Exercise, 49(2), 298-307. 
Ammendolia, C., Côté, P., Cancelliere, C., Cassidy, J. D., Hartvigsen, J., Boyle, E., 
Soklaridis, S., Stern, P. & Amick, B. (2016) Healthy and productive workers: using 
intervention mapping to design a workplace health promotion and wellness program 
to improve presenteeism. BMC Public Health, 16(1), 1190. 
Andersen, L. L., Sundstrup, E., Boysen, M., Jakobsen, M. D., Mortensen, O. S. & 
Persson, R. (2013) Cardiovascular health effects of internet-based encouragements 
to do daily workplace stair-walks: randomized controlled trial. Journal of Medical 
Internet Research, 15(6), e127. 
Anokye, N. K., Trueman, P., Green, C., Pavey, T. G. & Taylor, R. S. (2012) Physical 
activity and health related quality of life. BMC Public Health, 12(1), 624-624. 
Arazi, H., Benar, N., Esfanjani, R. M. & Yeganegi, S. (2012) The effect of an aerobic 
training on perceived stress, anxiety and depression of non-athlete female students. 
Acta Kinesiologica, 6(2), 7-12. 
Armijo-Olivo, S., da Costa, B. R., Cummings, G. G., Ha, C., Fuentes, J., Saltaji, H. & 
Egger, M. (2015) PEDro or Cochrane to assess the quality of clinical trials? A meta-
epidemiological study. PLOS ONE, 10(7), e0132634. 
231 
 
Arner, P., Kriegholm, E., Engfeldt, P.and Bolinder, J. (1990) 'Adrenergic regulation 
of lipolysis in situ at rest and during exercise', The Journal of Clinical Investigation, 
85(3), 893-898. 
Ashley, A., Lloyd, A., Lamb, S. & Bartlett, H. (2001) Is health-related quality of life a 
suitable outcome measure for evaluating health promotion programmes? NT 
Research, 6(3), 671-678. 
Asikainen, T. M., Miilunpalo, S., Oja, P., Rinne, M., Pasanen, M., Uusi-Rasi, K. & 
Vuori, I. (2002) Randomised, controlled walking trials in postmenopausal women: 
the minimum dose to improve aerobic fitness? British Journal of Sports Medicine, 
36(3), 189-94. 
Aspenes, S. T., Nilsen, T. I. L., Skaug, E.-A., Bertheussen, G. F., Ellingsen, Ø., 
Vatten, L. & Wisløff, U. (2011) Peak oxygen uptake and cardiovascular risk factors 
in 4631 healthy women and men. Medicine and Science in Sports and Exercise, 
43(8), 1465-1473. 
Astorino, T. A., Edmunds, R. M., Clark, A., King, L., Gallant, R. A., Namm, S., 
Fischer, A. & Wood, K. M. (2017) High-intensity interval training increases cardiac 
output and VO2max. Medicine and Science in Sports and Exercise, 49(2), 265-273. 
Astrand, I. (1960) Aerobic work capacity in men and women with special reference 
to age. Acta Physiologica Scandinavica Supplementum, 49(169), 1-92. 
Atkinson, G., & Nevill, AM. (1998) Statistical Methods For Assessing Measurement 
Error (Reliability) in Variables Relevant to Sports Medicine. Sports Medicine, 26 (4): 
217-238.  
Bacon, A. P., Carter, R. E., Ogle, E. A. & Joyner, M. J. (2013) VO2max trainability 
and high intensity interval training in humans: a meta-analysis. PLoS One, 8(9), 
e73182. 
Ball, K., Crawford, D. & Warren, N. (2004) How feasible are healthy eating and 
physical activity for young women? Public Health Nutrition, 7(3), 433-41. 
Barbour, K. A., Edenfield, T. M. & Blumenthal, J. A. (2007) Exercise as a treatment 
for depression and other psychiatric disorders: a review. Journal of 
Cardiopulmonary Rehabilitation and Prevention, 27(6), 359-367. 
232 
 
Barnard, K. L., Adams, K. J., Swank, A. M., Mann, E. & Denny, D. M. (1999) Injuries 
and muscle soreness during the one repetition maximum assessment in a cardiac 
rehabilitation population. Journal of Cardiopulmonary Rehabilitation and Prevention, 
19(1), 52-8. 
Bartlett, J. D., Close, G. L., MacLaren, D. P., Gregson, W., Drust, B. & Morton, J. P. 
(2011) High-intensity interval running is perceived to be more enjoyable than 
moderate-intensity continuous exercise: implications for exercise adherence. 
Journal of Sports Sciences, 29(6), 547-53. 
Bartley, M., Ferrie, J. & Montgomery, S. (2005) Health and labour market 
disadvantage: unemployment, non-employment and job insecurity, Social 
Determinants of Health, 2nd edition. Oxford: Oxford University Press. 
Bassett Jr, D. R. & Howley, E. T. (2000) Limiting factors for maximum oxygen 
uptake and determinants of endurance performance. Medicine and Science in 
Sports and Exercise, 32(1), 70-84. 
Bassey, E. J., Fiatarone, M. A., O'Neill, E. F., Kelly, M., Evans, W. J. & Lipsitz, L. A. 
(1992) Leg extensor power and functional performance in very old men and women. 
Clinical Science, 82(3), 321-7. 
Bassey, E. J. & Short, A. H. (1990) A new method for measuring power output in a 
single leg extension: feasibility, reliability and validity. European Jounral of Applied 
Physiology and Occupational Physiology, 60(5), 385-90. 
Batacan, R. B., Duncan, M. J., Dalbo, V. J., Tucker, P. S. & Fenning, A. S. (2017) 
Effects of high-intensity interval training on cardiometabolic health: a systematic 
review and meta-analysis of intervention studies. British Journal of Sports Medicine, 
51(6), 494-503. 
Batterham, A. M., & Atkinson, G. (2005) How big does sample size need to be? A 
primer on the murky world of sample size estimation. Physical Therapy in Sport, 
6(3), 153-503.  
Bauman, A. & Nutbeam, D. (2013) Evaluation in a nutshell: a practical guide to the 
evaluation of health promotion programs. Sydney: McGraw-Hill. 
Beauchamp, M. K., Nonoyama, M., Goldstein, R. S., Hill, K., Dolmage, T. E., 
Mathur, S. & Brooks, D. (2010) Interval versus continuous training in individuals with 
chronic obstructive pulmonary disease--a systematic review. Thorax, 65(2), 157-64. 
233 
 
Beck, A. T., Steer, R. A. & Carbin, M. G. (1988) Psychometric properties of the Beck 
Depression Inventory: Twenty-five years of evaluation. Clinical Psychology Review, 
8(1), 77-100. 
Bennett, C. M., Guo, M. & Dharmage, S. C. (2007) HbA(1c) as a screening tool for 
detection of Type 2 diabetes: a systematic review. Diabetic Medicine, 24(4), 333-43. 
Bennett, H., Parfitt, G., Davison, K. & Eston, R. (2016) Validity of submaximal step 
tests to estimate maximal oxygen uptake in healthy adults. Sports Medicine, 46(5), 
737-750. 
Bergenstal, R. M., Ahmann, A. J., Bailey, T., Beck, R. W., Bissen, J., Buckingham, 
B., Deeb, L., Dolin, R. H., Garg, S. K., Goland, R., Hirsch, I. B., Klonoff, D. C., 
Kruger, D. F., Matfin, G., Mazze, R. S., Olson, B. A., Parkin, C., Peters, A., Powers, 
M. A., Rodriguez, H., Southerland, P., Strock, E. S., Tamborlane, W. & Wesley, D. 
M. (2013) Recommendations for standardizing glucose reporting and analysis to 
optimize clinical decision making in diabetes: the ambulatory glucose profile. 
Journal of Diabetes Science and Technology, 7(2), 562-578. 
Bernaards, C. M., Proper, K. I. & Hildebrandt, V. H. (2007) Physical activity, 
cardiorespiratory fitness, and body mass index in relationship to work productivity 
and sickness absence in computer workers with preexisting neck and upper limb 
symptoms. Journal of Occupational and Environmental Medicine, 49(6), 633-40. 
Berry, T. R., Witcher, C., Holt, N. L. & Plotnikoff, R. C. (2010) A qualitative 
examination of perceptions of physical activity guidelines and preferences for 
format. Health Promotion Practice, 11(6), 908-16. 
Bhosle, S., Vardhan, V. & Mahajan, A. (2018) Effect of high intensity interval training 
with the use of trampoline in individuals with stress. International Journal of 
Physiotherapy and Research, 6(6), 2899-2904. 
Biddle, S., Mutrie, N., Mutrie, P. N. & Gorely, T. (2015) Psychology of physical 
activity: determinants, well-being and interventions, 3rd edition. New York, NY: 
Routledge. 
Biddle, S. J. & Batterham, A. M. (2015) High-intensity interval exercise training for 
public health: a big HIT or shall we HIT it on the head? International Journal of 
Behavioural Nutrition and Physical Activity, 12, 95. 
234 
 
Billat, L. V. (2001) Interval training for performance: a scientific and empirical 
practice. Special recommendations for middle- and long-distance running. Part I: 
aerobic interval training. Sports Medicine, 31(1), 13-31. 
Billat, V. & Lopes, P. (2006) Indirect methods for estimation of aerobic power, in 
Maud, P. & Foster, C. (eds), Physiological assessment of human fitness. 
Champaign: Human Kinetics, 19-38. 
Bize, R., Johnson, J. A. & Plotnikoff, R. C. (2007) Physical activity level and health-
related quality of life in the general adult population: a systematic review. 
Preventative Medicine, 45(6), 401-15. 
Blackwell, J., Atherton, P. J., Smith, K., Doleman, B., Williams, J. P., Lund, J. N. & 
Phillips, B. E. (2017) The efficacy of unsupervised home-based exercise regimens 
in comparison to supervised laboratory-based exercise training upon cardio-
respiratory health facets. Physiological Reports, 5(17). 
Blanchard, C. M., Rodgers, W. M., Spence, J. C. & Courneya, K. S. (2001) Feeling 
state responses to acute exercise of high and low intensity. Journal of Science and 
Medicine in Sport, 4(1), 30-38. 
Bohannon, R. W. (2008) Is it legitimate to characterize muscle strength using a 
limited number of measures? Journal of Strength and Conditioning Research, 22(1), 
166-73. 
Bohannon, R. W. (2019) Minimal clinically important difference for grip strength: a 
systematic review. Journal of Physical Therapy Science, 31(1), 75-78. 
Bond, B., Weston, K. L., Williams, C. A. & Barker, A. R. (2017) Perspectives on 
high-intensity interval exercise for health promotion in children and adolescents. 
Open Access Journal of Sports Medicine, 8, 243-265. 
Borg, G. (1998) Borg's perceived exertion and pain scales. Champaign, Ill; Leeds: 
Human Kinetics. 
Borg, G. A. (1982) Psychophysical bases of perceived exertion. Medicine and 
Science in Sports and Exercise, 14(5), 377-81. 
Bouchard, C. (2007) BMI, fat mass, abdominal adiposity and visceral fat: where is 
the ‘beef’? International Journal of Obesity, 31(10), 1552. 
235 
 
Boudreaux, B. D., Hebert, E. P., Hollander, D. B., Williams, B. M., Cormier, C. L., 
Naquin, M. R., Gillan, W. W., Gusew, E. E. & Kraemer, R. R. (2018) Validity of 
wearable activity monitors during cycling and resistance exercise. Medicine and 
Science in Sports and Exercise, 50(3), 624-633. 
Boulé, N. G., Haddad, E., Kenny, G. P., Wells, G. A., & Sigal, R. J. (2001) Effects of 
exercise on glycemic control and body mass in type 2 diabetes mellitus: a meta-
analysis of controlled clinical trials. Journal of the American Medical Association, 
286(10), 1218-1227. 
Braun, V. & Clarke, V. (2006) Using thematic analysis in psychology. Qualitative 
Research in Psychology, 3, 77-101. 
Bredahl, T. V. G., Særvoll, C. A., Kirkelund, L., Sjøgaard, G. & Andersen, L. L. 
(2015) When intervention meets organisation, a qualitative study of motivation and 
barriers to physical exercise at the workplace. The Scientific World Journal, 2015, 
518561-12. 
Bredin, S. S. D., Gledhill, N., Jamnik, V. K. & Warburton, D. E. R. (2013) PAR-Q+ 
and ePARmed-X+: New risk stratification and physical activity clearance strategy for 
physicians and patients alike. Canadian Family Physician, 59(3), 273-277. 
Brinkley, A., McDermott, H. & Munir, F. (2017) Team sport in the workplace? A RE-
AIM process evaluation of 'Changing the Game'. AIMS Public Health, 4(5), 466-489. 
British Psychological Society (2017) Psychological testing: A test user’s guide. 
Leicester: British Psychological Society. 
Britton, K. A., Massaro, J. M., Murabito, J. M., Kreger, B. E., Hoffmann, U. & Fox, C. 
S. (2013) Body fat distribution, incident cardiovascular disease, cancer, and all-
cause mortality. Journal of the American College of Cardiology, 62(10), 921-5. 
Brown, D. K., Barton, J. L., Pretty, J. & Gladwell, V. F. (2014) Walks4Work: 
assessing the role of the natural environment in a workplace physical activity 
intervention. Scandinavian Journal of Work Environment and Health, 40(4), 390-9. 
Buchheit, M. & Laursen, P. B. (2013a) High-intensity interval training, solutions to 




Buchheit, M. & Laursen, P. B. (2013b) High-intensity interval training, solutions to 
the programming puzzle: Part II: Anaerobic energy, neuromuscular load and 
practical applications. Sports Medicine, 43(10), 927-954. 
Buckley, J. P., Sim, J., Eston, R. G., Hession, R. & Fox, R. (2004) Reliability and 
validity of measures taken during the Chester step test to predict aerobic power and 
to prescribe aerobic exercise. British Journal of Sports Medicine, 38(2), 197-205. 
Buckley, S., Knapp, K., Lackie, A., Lewry, C., Horvey, K., Benko, C., Trinh, J. & 
Butcher, S. (2015) Multimodal high-intensity interval training increases muscle 
function and metabolic performance in females. Applied Physiology, Nutrition and 
Metabolism, 40(11), 1157-62. 
Bull, S. S., Gillette, C., Glasgow, R. E. & Estabrooks, P. (2003) Work site health 
promotion research: to what extent can we generalize the results and what is 
needed to translate research to practice? Health Education and Behavior, 30(5), 
537-49. 
Burgomaster, K., Hughes, S., Heigenhauser, G., Bradwell, S. & Gibala, M. (2005) 
Six sessions of sprint interval training increases muscle oxidative potential and cycle 
endurance capacity in humans. Journal of Applied Physiology, 98(6), 1985-90. 
Burn, N. & Niven, A. (2018) Why do they do (h)it? Using self-determination theory to 
understand why people start and continue to do high-intensity interval training group 
exercise classes. International Journal of Sport and Exercise Psychology, 1-15. 
Burn, N. L., Weston, M., Maguire, N., Atkinson, G. & Weston, K. L. (2019) Effects of 
workplace-based physical activity interventions on cardiorespiratory fitness: a 
systematic review and meta-analysis of controlled trials. Sports Medicine, 48(8), 
1255–1274. 
Butland, B., Jebb, S., Kopelman, p., McPherson, K., Thomas, S., Mardell, J. & 
Parry, V. (2007) Tackling obesities: future choices – project report.  London: 
Government Office for Science  
Button, K. S., Ioannidis, J. P., Mokrysz, C., Nosek, B. A., Flint, J., Robinson, E. S. & 
Munafò, M. R. (2013) Power failure: why small sample size undermines the 
reliability of neuroscience. Nature Reviews Neuroscience, 14(5), 365-76. 
Campbell, W. W., Kraus, W. E., Powell, K. E., Haskell, W. L., Janz, K. F., Jakicic, J. 
M., Troiano, R. P., Sprow, K., Torres, A., Piercy, K. L., Bartlett, D. B. & 2018 
physical Activity Guidelines Advisory Committee (2019) High-intensity interval 
237 
 
training for cardiometabolic disease prevention. Medicine and Science in Sports and 
Exercise, 51(6), 1220-1226. 
Carpio-Rivera, E., Moncada-Jiménez, J., Salazar-Rojas, W. & Solera-Herrera, A. 
(2016) Acute effects of exercise on blood pressure: a meta-analytic investigation. 
Arquivos Brasileiros de Cardiologia, 106(5), 422-433. 
Carroll, S. & Dudfield, M. (2004) What is the relationship between exercise and 
metabolic abnormalities?. Sports Medicine, 34(6), 371-418. 
 
Caspersen, C. J., Powell, K. E. & Christenson, G. M. (1985) Physical activity, 
exercise, and physical fitness: definitions and distinctions for health-related 
research. Public Health Reports, 100(2), 126-31. 
Castelli, W. P. (1984) Epidemiology of coronary heart disease: the Framingham 
study. The American Journal of Medicine, 76(2a), 4-12. 
Cheema, B. S., Davies, T. B., Stewart, M., Papalia, S. & Atlantis, E. (2015) The 
feasibility and effectiveness of high-intensity boxing training versus moderate-
intensity brisk walking in adults with abdominal obesity: a pilot study. BMC Sports 
Science, Medicine and Rehabilitation, 7, 3. 
Chekroud, S. R., Gueorguieva, R., Zheutlin, A. B., Paulus, M., Krumholz, H. M., 
Krystal, J. H. & Chekroud, A. M. (2018) Association between physical exercise and 
mental health in 1.2 million individuals in the USA between 2011 and 2015: a cross-
sectional study. The Lancet Psychiatry, 5(9), 739-746. 
Chelly, M. S., Ghenem, M. A., Abid, K., Hermassi, S., Tabka, Z. & Shephard, R. J. 
(2010) Effects of in-season short-term plyometric training program on leg power, 
jump- and sprint performance of soccer players. Journal of Strength and 
Conditioning Research, 24(10), 2670-2676. 
Chen, Z., Peto, R., Collins, R., MacMahon, S., Lu, J. & Li, W. (1991) Serum 
cholesterol concentration and coronary heart disease in population with low 
cholesterol concentrations. British Medical Journal, 303(6797), 276-82. 
Cheng, Y. J., Macera, C. A., Church, T. S. & Blair, S. N. (2002) Heart rate reserve 
as a predictor of cardiovascular and all-cause mortality in men. Medicine and 
Science in Sports and Exercise, 34(12), 1873-8. 
Cheng, Z. & Almeida, F. A. (2014) Mitochondrial alteration in type 2 diabetes and 
obesity: an epigenetic link. Cell Cycle, 13(6), 890-897. 
238 
 
Christensen, J. R., Kongstad, M. B., Sjøgaard, G. & Søgaard, K. (2015) Sickness 
presenteeism among health care workers and the effect of BMI, cardiorespiratory 
fitness, and muscle strength. Journal of Occupational and Environmental Medicine, 
57(12), e146-52. 
Church, T. S., Martin, C. K., Thompson, A. M., Earnest, C. P., Mikus, C. R. & Blair, 
S. N. (2009) Changes in weight, waist circumference and compensatory responses 
with different doses of exercise among sedentary, overweight postmenopausal 
women. PloS one, 4(2), e4515-e4515. 
Cocks, M., Shaw, C. S., Shepherd, S. O., Fisher, J. P., Ranasinghe, A. M., Barker, 
T. A., Tipton, K. D. & Wagenmakers, A. J. (2013) Sprint interval and endurance 
training are equally effective in increasing muscle microvascular density and eNOS 
content in sedentary males. Journal of Physiology, 591(3), 641-56. 
Cohen, J. (1988) Statistical Power Analysis for the Behavioral Sciences, 2nd 
edition. Hillsdale, NJ: Lawrence Erlbaum Associates. 
Cohen, J. (1992) Quantitative methods in psychology: A power primer. 
Psychological Bulletin, 112, 1155-1159. 
Cohen, S., Gianaros, P. J. & Manuck, S. B. (2016) A stage model of stress and 
disease. Perspectives on Psychological Science, 11(4), 456-463. 
Cohen, S., Janicki-Deverts, D. & Miller, G. E. (2007) Psychological stress and 
disease. Journal of the American Medical Association, 298(14), 1685-7. 
Cohen, S., Kessler, R. & Gordon, L. (1995) Measuring Stress : A Guide for Health 
and Social Scientists. Cary: Oxford University Press, Incorporated. 
Colberg, S. R., Sigal, R. J., Fernhall, B., Regensteiner, J. G., Blissmer, B. J., Rubin, 
R. R., Chasan-Taber, L., Albright, A. L. & Braun, B. (2010) Exercise and Type 2 
Diabetes. The American College of Sports Medicine and the American Diabetes 
Association: joint position statement, 33(12), e147-e167. 
Colberg, S. R., Sigal, R. J., Yardley, J. E., Riddell, M. C., Dunstan, D. W., Dempsey, 
P. C., Horton, E. S., Castorino, K. & Tate, D. F. (2016) Physical activity/exercise and 
diabetes: a position statement of the American Diabetes Association. Diabetes 
Care, 39(11), 2065-2079. 
239 
 
Coleman, A., Freeman, P., Steel, S. & Shennan, A. (2005) Validation of the Omron 
MX3 Plus oscillometric blood pressure monitoring device according to the European 
Society of Hypertension international protocol. Blood Pressure Monitoring, 10(3), 
165-8. 
Colley, R. C., Garriguet, D., Janssen, I., Craig, C. L., Clarke, J. & Tremblay, M. S. 
(2011) Physical activity of Canadian adults: accelerometer results from the 2007 to 
2009 Canadian Health Measures Survey. Health Reports, 22(1), 7-14. 
Conn, V. S., Hafdahl, A. R., Cooper, P. S., Brown, L. M. & Lusk, S. L. (2009) Meta-
analysis of workplace physical activity interventions. American Journal of 
Preventative Medicine, 37(4), 330-9. 
Cooke, R. & Jones, A. (2017) Recruiting adult participants to physical activity 
intervention studies using sport: a systematic review. BMJ Open Sport and Exercise 
Medicine, 3(1), e000231. 
Copeland, R. J., Horspool, K., Humphreys, L. & Scott, E. (2016) Recruiting to a 
large-scale physical activity randomised controlled trial–experiences with the gift of 
hindsight. Trials, 17(1), 104. 
Coren, S. (1993) The lateral preference inventory for measurement of handedness, 
footedness, eyedness, and earedness: norms for young adults. Bulletin of the 
Psychonomic Society, 31(1), 1-3. 
Cornelissen, V. A. & Smart, N. A. (2013) Exercise training for blood pressure: a 
systematic review and meta‐analysis. Journal of the American Heart Association, 
2(1), e004473-n/a. 
Costa, E. C., Hay, J. L., Kehler, D. S., Boreskie, K. F., Arora, R. C., Umpierre, D., 
Szwajcer, A. & Duhamel, T. A. (2018) Effects of high-intensity interval training 
versus moderate-intensity continuous training on blood pressure in adults with pre- 
to established hypertension: a systematic review and meta-analysis of randomized 
trials. Sports Medicine, 48(9), 2127-2142. 
Costigan, S. A., Eather, N., Plotnikoff, R. C., Hillman, C. H. & Lubans, D. R. (2016) 
High-intensity interval training for cognitive and mental health in adolescents. 
Medicine and Science in Sports and Exercise, 48(10), 1985-93. 
Courneya, K. S. (2010) Efficacy, effectiveness, and behavior change trials in 
exercise research. International Journal of Behavioural Nutrition and Physical 
Activity, 7, 81. 
240 
 
Craig, C. L., Marshall, A. L., Sjostrom, M., Bauman, A. E., Booth, M. L., Ainsworth, 
B. E., Pratt, M., Ekelund, U., Yngve, A., Sallis, J. F. & Oja, P. (2003) International 
physical activity questionnaire: 12-country reliability and validity. Medicine and 
Science in Sports and Exercise, 35(8), 1381-95. 
Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, I., Petticrew, M. & Medical 
Research Council, G. (2008) Developing and evaluating complex interventions: the 
new Medical Research Council guidance. British Medical Journal, 337, a1655-
a1655. 
Crawford, J. R. & Henry, J. D. (2004) The Positive and Negative Affect Schedule 
(PANAS): Construct validity, measurement properties and normative data in a large 
non-clinical sample. British Journal of Clinical Psychology, 43(3), 245-265. 
Cumming, G. & Finch, S. (2001) A primer on the understanding, use, and 
calculation of confidence intervals that are based on central and noncentral 
distributions. Educational and Psychological Measurement, 61(4), 532-574. 
Dalleck, L. C., Van Guilder, G. P., Richardson, T. B., Bredle, D. L. & Janot, J. M. 
(2014) A community-based exercise intervention transitions metabolically abnormal 
obese adults to a metabolically healthy obese phenotype. Diabetes, Metabolic 
Syndrome and Obesity: Targets and Therapy, 7, 369-380. 
Danaei, G., Finucane, M. M., Lu, Y., Singh, G. M., Cowan, M. J., Paciorek, C. J., 
Lin, J. K., Farzadfar, F., Khang, Y. H., Stevens, G. A., Rao, M., Ali, M. K., Riley, L. 
M., Robinson, C. A., Ezzati, M. & Global Burden of Metabolic Risk Factors of 
Chronic Diseases Collaborating Group (Blood Glucose) (2011) National, regional, 
and global trends in fasting plasma glucose and diabetes prevalence since 1980: 
systematic analysis of health examination surveys and epidemiological studies with 
370 country-years and 2.7 million participants. Lancet, 378(9785), 31-40. 
de Zeeuw, E. L. E. J., Tak, E. C. P. M., Dusseldorp, E. & Hendriksen, I. J. M. (2010) 
Workplace exercise intervention to prevent depression: A pilot randomized 
controlled trial. Mental Health and Physical Activity, 3(2), 72-77. 
Decker, E. S. & Ekkekakis, P. (2017) More efficient, perhaps, but at what price? 
Pleasure and enjoyment responses to high-intensity interval exercise in low-active 
women with obesity. Psychology of Sport and Exercise, 28, 1-10. 
Deeks, J. J., Dinnes, J., D'Amico, R., Sowden, A. J., Sakarovitch, C., Song, F., 
Petticrew, M. & Altman, D. G. (2003) Evaluating non-randomised intervention 
studies. Health Technology Assessment 7(27), 1-186. 
241 
 
Department of Health (2011) Start active stay active: report on physical activity in 
the UK. London: Department of Health. 
Department of Health and Social Care (2018) Prevention is better than cure: our 
vision to help you live well for longer.  London: Department of Health and Social 
Care. 
Department of Health and Social Care (2019) Physical activity guidelines.  London: 
Department of Health and Social Care. 
Diener, E., Emmons, R. A., Larsen, R. J. & Griffin, S. (1985) The Satisfaction With 
Life Scale. Journal of Personality Assessment, 49(1), 71. 
Dimeo, F., Pagonas, N., Seibert, F., Arndt, R., Zidek, W. & Westhoff, T.H. (2012). 
Aerobic exercise reduces blood pressure in resistant hypertension. Hypertension, 
60(3). 653-658. 
Dimsdale, J. E. M. D. (2008) Psychological Stress and Cardiovascular Disease. 
Journal of the American College of Cardiology, 51(13), 1237-1246. 
Dishman, R. K., Oldenburg, B., O'Neal, H. & Shephard, R. J. (1998) Worksite 
physical activity interventions. American Journal of Preventive Medicine, 15(4), 344-
361. 
Dixon, N.C., Hurst, T.L., Talbot, D.C., Tyrrell, R.M. and Thompson, D. (2009) Active 
middle-aged men have lower fasting inflammatory markers but the postprandial 
inflammatory response is minimal and unaffected by physical activity status. Journal 
of Applied Physiology, 107(1), 63-68. 
 
Dudgill, L., Brettle, A. & Hulme, C. (2008) Workplace physical activity interventions: 
a systematic review. International Journal of Workplace Health Management, 1(1), 
20-40. 
Dumas, J. E., Lynch, A. M., Laughlin, J. E., Phillips Smith, E. & Prinz, R. J. (2001) 
Promoting intervention fidelity. Conceptual issues, methods, and preliminary results 
from the EARLY ALLIANCE prevention trial. American Journal of Preventative 
Medicine, 20(1 Suppl), 38-47. 
242 
 
Durstine, J. L., Grandjean, P. W., Davis, P. G., Ferguson, M. A., Alderson, N. L., & 
DuBose, K. D. (2001) Blood lipid and lipoprotein adaptations to exercise. Sports 
Medicine, 31(15), 1033-1062. 
Earnest, C. P., Artero, E. G., Sui, X., Lee, D. C., Church, T. S., & Blair, S. N. (2013). 
Maximal estimated cardiorespiratory fitness, cardiometabolic risk factors, and 
metabolic syndrome in the aerobics center longitudinal study. Mayo Clinic 
Proceedings, 88(3), 259-270). 
 
Egan, B., & Zierath, J. R. (2013) Exercise metabolism and the molecular regulation 
of skeletal muscle adaptation. Cell Metabolism, 17(2), 162-184. 
Ebbeling, C. B., Ebbeling, C. B., Ward, A., Ward, A., Puleo, E. M., Puleo, E. M., 
Widrick, J., Widrick, J., Rippe, J. M. & Rippe, J. M. (1991) Development of a single-
stage submaximal treadmill walking test. Medicine and Science in Sports and 
Exercise, 23(8), 966-973. 
Edmunds, S., Hurst, L. & Harvey, K. (2013) Physical activity barriers in the 
workplace: An exploration of factors contributing to non-participation in a UK 
workplace physical activity intervention. International Journal of Workplace Health 
Management, 6(3), 227-240. 
Egger, M., Davey Smith, G., Schneider, M. & Minder, C. (1997) Bias in meta-
analysis detected by a simple, graphical test. British Medical Journal, 315(7109), 
629-34. 
Egleston, B. L., Miller, S. M., & Meropol, N. J. (2011) The impact of misclassification 
due to survey response fatigue on estimation and identifiability of treatment effects. 
Statistics in Medicine, 30(30), 3560-3572. 
 
Ehrenbrusthoff, K., Ryan, C. G., Grüneberg, C., Wand, B. M. & Martin, D. J. (2018) 
The translation, validity and reliability of the German version of the Fremantle Back 
Awareness Questionnaire. PLoS One, 13(10), e0205244. 
Ekblom-Bak, E., Ekblom, Ö., Andersson, G., Wallin, P., Söderling, J., 
Hemmingsson, E. & Ekblom, B. (2018) Decline in cardiorespiratory fitness in the 
Swedish working force between 1995 and 2017. Scandinavian Journal of Medicine 
and Science in Sports. 
Ekkekakis, P. (2003) Pleasure and displeasure from the body: Perspectives from 
exercise. Cognition and Emotion, 17(2), 213-239. 
243 
 
Ekkekakis, P., Parfitt, G. & Petruzzello, S. J. (2011) The pleasure and displeasure 
people feel when they exercise at different intensities: decennial update and 
progress towards a tripartite rationale for exercise intensity prescription. Sports 
Medicine, 41(8), 641-671. 
Engel, F. A., Ackermann, A., Chtourou, H. & Sperlich, B. (2018) High-intensity 
interval training performed by young athletes: a systematic review and meta-
analysis. Frontiers in Physiology, 9, 1012-1012. 
Falz, R., Fikenzer, S., Holzer, R., Laufs, U., Fikenzer, K. & Busse, M. (2019) Acute 
cardiopulmonary responses to strength training, high-intensity interval training and 
moderate-intensity continuous training. European Journal of Applied Physiology, 
119(7), 1513-1523. 
Fatouros, I. G., Jamurtas, A. Z., Leontsini, D., Taxildaris, K., Aggelousis, N., 
Kostopoulos, N. & Buckenmeyer, P. (2000) Evaluation of plyometric exercise 
training, weight training, and their combination on vertical jumping performance and 
leg strength. Journal of Strength & Conditioning Research, 14(4), 470-476. 
Fennell, C., Peroutky, P. & Glickman, E. (2016) Effects of supervised training 
compared to unsupervised training on physical activity, muscular endurance, and 
cardiovascular parameters. MOJ Orthopaedics & Rheumatology, 5(4), e00184. 
Fenton, W. S. & Stover, E. S. (2006) Mood disorders: cardiovascular and diabetes 
comorbidity. Current Opinion in Psychiatry, 19(4), 421-427. 
Fernandez, R. (2001) One repetition maximum clarified. Journal of Orthopedic and 
Sports Physical Therapy, 31(5), 264. 
Fitzpatrick, R., Davey, C., Buxton, M. J. & Jones, D. R. (1998) Evaluating patient-
based outcome measures for use in clinical trials. Health Technology Assessment 
2(14), 1-74  
Fletcher, G. F., Ades, P. A., Kligfield, P., Arena, R., Balady, G. J., Bittner, V. A., 
Coke, L. A., Fleg, J. L., Forman, D. E. & Gerber, T. C. (2013) Exercise standards for 
testing and training: a scientific statement from the American Heart Association. 
Circulation, 128(8), 873-934. 
Fletcher, G. M., Behrens, T. K. & Domina, L. (2008) Barriers and enabling factors 
for work-site physical activity programs: a qualitative examination. Journal of 
Physical Activity and Health, 5(3), 418-29. 
244 
 
Fliege, H., Rose, M., Arck, P., Walter, O. B., Kocalevent, R. D., Weber, C. & Klapp, 
B. F. (2005) The Perceived Stress Questionnaire (PSQ) reconsidered: validation 
and reference values from different clinical and healthy adult samples. 
Psychosomatic Medicine, 67(1), 78-88. 
 
Folland, J. P., & Williams, A. G. (2007) Morphological and neurological contributions 
to increased strength. Sports Medicine, 37(2), 145-168. 
 
Foss, M. L., Keteyian, S. J. & Fox, E. L. (1998) Fox's physiological basis for 
exercise and sport, 6th edition. Boston: McGraw-Hill. 
 
Fox, E. L., Bartels, R. L., Billings, C. E., Mathews, D. K., Bason, R. & Webb, W. M. 
(1973) Intensity and distance of interval training programs and changes in aerobic 
power. Medicine and Science in Sports, 5(1), 18-22. 
Franklin, J. D., Atkinson, G., Atkinson, J. M. & Batterham, A. M. (2019) Peak oxygen 
uptake in chronic fatigue syndrome/myalgic encephalomyelitis: a meta-analysis. 
International Journal of Sports Medicine, 40(2), 77-87. 
Gallagher, E. J. & LeRoith, D. (2015) Obesity and diabetes: the increased risk of 
cancer and cancer-related mortality. Physiological Reviews, 95(3), 727-48. 
Gamble, P. (2006) Implications and applications of training specificity for coaches 
and athletes. Strength and Conditioning Journal, 28(3), 54-58. 
Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., Lee, 
I. M., Nieman, D. C., Swain, D. P. & American College of Sports Medicine (2011) 
American College of Sports Medicine position stand. Quantity and quality of 
exercise for developing and maintaining cardiorespiratory, musculoskeletal, and 
neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. 
Medicine and Science in Sports and Exercise, 43(7), 1334-59. 
García-Hermoso, A., Cavero-Redondo, I., Ramírez-Vélez, R., Ruiz, J. R., Ortega, F. 
B., Lee, D. C. & Martínez-Vizcaíno, V. (2018) Muscular strength as a predictor of all-
cause mortality in an apparently healthy population: a systematic review and meta-
analysis of data from approximately 2 million men and women. Archives of Physical 
Medicine and Rehabilitation, 99(10), 2100-2113. 
Garner, P., Hopewell, S., Chandler, J., MacLehose, H., Schünemann, H. J., Akl, E. 
A., Beyene, J., Chang, S., Churchill, R., Dearness, K., Guyatt, G., Lefebvre, C., 
Liles, B., Marshall, R., Martínez García, L., Mavergames, C., Nasser, M., Qaseem, 
A., Sampson, M., Soares-Weiser, K., Takwoingi, Y., Thabane, L., Trivella, M., 
245 
 
Tugwell, P., Welsh, E. & Wilson, E. C. (2016) When and how to update systematic 
reviews: consensus and checklist. British Medical Journal, 354, i3507. 
Garrow, J. S. (1986) Effect of exercise on obesity. Acta Medica Scandinavica 
Supplementum, 711, 67-73. 
Gates, D., Brehm, B., Hutton, S., Singler, M. & Poeppelman, A. (2006) Changing 
the work environment to promote wellness: a focus group study. AAOHN Journal 
Workplace Health and Safety, 54(12), 515-20. 
Gerber, M., Lindwall, M., Lindegård, A., Börjesson, M. & Jonsdottir, I. H. (2013) 
Cardiorespiratory fitness protects against stress-related symptoms of burnout and 
depression. Patient Education and Counseling, 93(1), 146-52. 
Gibala, M. J. (2018) Interval training for cardiometabolic health: why such a HIIT? 
Current Sports Medicine Reports, 17(5), 148-150. 
Gibala, M. J., Little, J. P., Macdonald, M. J. & Hawley, J. A. (2012) Physiological 
adaptations to low-volume, high-intensity interval training in health and disease. 
Journal of Physiology, 590(5), 1077-84. 
Gibala, M. J. & McGee, S. L. (2008) Metabolic adaptations to short-term high-
intensity interval training: a little pain for a lot of gain? Exercise and Sport Sciences 
Reviews, 36(2), 58-63. 
Gillen, J. B. & Gibala, M. J. (2014) Is high-intensity interval training a time-efficient 
exercise strategy to improve health and fitness? Applied Physiology, Nutrition, and 
Metabolism, 39(3), 409-412. 
Gist, N. H., Fedewa, M. V., Dishman, R. K. & Cureton, K. J. (2014) Sprint interval 
training effects on aerobic capacity: a systematic review and meta-analysis. Sports 
Medicine, 44(2), 269-79. 
Gittelsohn, J., Evans, M., Helitzer, D., Anliker, J., Story, M., Metcalfe, L., Davis, S. & 
Iron Cloud, P. (1998) Formative research in a school-based obesity prevention 
program for Native American school children. Health Education Research, 13(2), 
251-65. 
Gittelsohn, J., Evans, M., Story, M., Davis, S. M., Metcalfe, L., Helitzer, D. L. & Clay, 
T. E. (1999) Multisite formative assessment for the Pathways study to prevent 
246 
 
obesity in American Indian schoolchildren. American Journal of Clinical Nutrition, 
69(4 Suppl), 767S-772S. 
Gittelsohn, J., Steckler, A., Johnson, C. C., Pratt, C., Grieser, M., Pickrel, J., Stone, 
E. J., Conway, T., Coombs, D. & Staten, L. K. (2006) Formative research in school 
and community-based health programs and studies: "state of the art" and the TAAG 
approach. Health Education and Behavior, 33(1), 25-39. 
Godin, G. & Shephard, R. (1985) A simple method to assess exercise behavior in 
the community. Canadian Journal of Applied Sports Science, 10(3), 141-146. 
Golding, L. A., Myers, C. R., Sinning, W. E. & USA, Y. o. t. (1989) Y's way to 
physical fitness: the complete guide to fitness testing and instruction, 3rd edition. 
Champaign, IL: Published for YMCA of the USA by Human Kinetics Publishers. 
Goldstein, D. E., Little, R. R., Lorenz, R. A., Malone, J. I., Nathan, D., Peterson, C. 
M. & Sacks, D. B. (2004) Tests of glycemia in diabetes. Diabetes Care, 27(7), 1761-
1773. 
Gomes Neto, M., Durães, A. R., Conceição, L. S. R., Saquetto, M. B., Ellingsen, Ø. 
& Carvalho, V. O. (2018) High intensity interval training versus moderate intensity 
continuous training on exercise capacity and quality of life in patients with heart 
failure with reduced ejection fraction: A systematic review and meta-analysis. 
International Journal of Cardiology, 261, 134-141. 
Goode, R. C., Mertens, R., Shaiman, S. & Mertens, J. (1998) Voice, breathing, and 
the control of exercise intensity. Advanced Experimental Medical Biology, 450, 223-
9. 
Gram, B., Holtermann, A., Søgaard, K. & Sjøgaard, G. (2012) Effect of 
individualized worksite exercise training on aerobic capacity and muscle strength 
among construction workers--a randomized controlled intervention study. 
Scandinavian Journal Of Work, Environment & Health, 38(5), 467-475. 
Gray, S. R., Ferguson, C., Birch, K., Forrest, L. J. & Gill, J. M. R. (2016) High-
intensity interval training: key data needed to bridge the gap from laboratory to 
public health policy. British Journal of Sports Medicine, 50(20), 1231-1232. 
Greenland, S., Senn, S. J., Rothman, K. J., Carlin, J. B., Poole, C., Goodman, S. N. 
& Altman, D. G. (2016) Statistical tests, P values, confidence intervals, and power: a 
guide to misinterpretations. European Journal of Epidemiology, 31(4), 337-50. 
247 
 
Grønningsæter, H., Hytten, K., Skauli, G., Christensen, C. C. & Ursin, H. (1992) 
Improved health and coping by physical exercise or cognitive behavioral stress 
management training in a work environment. Psychology & Health, 7(2), 147-163. 
Guiraud, T., Nigam, A., Gremeaux, V., Meyer, P., Juneau, M. & Bosquet, L. (2012) 
High-intensity interval training in cardiac rehabilitation. Sports Medicine, 42(7), 587-
605. 
Häkkinen, K., Kallinen, M., Izquierdo, M., Jokelainen, K., Lassila, H., Mälkiä, E., 
Alen, M. (1998b). Changes in agonist-antagonist EMG, muscle CSA, and force 
during strength training in middle-aged and older people. Journal of Applied 
Physiology, 84(4), 1341-1349 
 
Häkkinen, K., Newton, R. U., Gordon, S. E., McCormick, M., Volek, J. S., Nindl, B. 
C., Humphries, B. J. (1998a). Changes in muscle morphology, electromyographic 
activity, and force production characteristics during progressive strength training in 
young and older men. The Journals of Gerontology Series A: Biological Sciences 
and Medical Sciences, 53(6), B415-B423. 
 
Halcox, J. P., Banegas, J. R., Roy, C., Dallongeville, J., De Backer, G., Guallar, E., 
Perk, J., Hajage, D., Henriksson, K. M. & Borghi, C. (2017) Prevalence and 
treatment of atherogenic dyslipidemia in the primary prevention of cardiovascular 
disease in Europe: EURIKA, a cross-sectional observational study. BMC 
Cardiovascular Disorders, 17(1), 160. 
Hannan, A. L., Hing, W., Simas, V., Climstein, M., Coombes, J. S., Jayasinghe, R., 
Byrnes, J. & Furness, J. (2018) High-intensity interval training versus moderate-
intensity continuous training within cardiac rehabilitation: a systematic review and 
meta-analysis. Open Access Journal of Sports Medicine, 9, 1-17. 
Harchaoui, K., Visser, M., Kastelein, J., Stroes, E. & Dallinga-Thie, G. (2009) 
Triglycerides and cardiovascular risk. Current Cardiology Reviews, 5(3), 216-222. 
Hardcastle, S. J., Ray, H., Beale, L. & Hagger, M. S. (2014) Why sprint interval 
training is inappropriate for a largely sedentary population. Frontiers in Psychology, 
5, 1505. 
Hardy, C. J. & Rejeski, W. J. (1989) Not what, but how one feels- the measurement 
of affect during exercise. Journal of Sport and Exercise Psychology, 11(3), 304-317. 
Hariton, E. & Locascio, J. J. (2018) Randomised controlled trials - the gold standard 
for effectiveness research: Study design: randomised controlled trials. International 
Journal of Obstetrics and Gynaecology, 125(13), 1716-1716. 
248 
 
Harman, E. A., Rosenstein, M. T., Frykman, P. N., Rosenstein, R. M. & Kraemer, W. 
J. (1991) Estimation of human power output from vertical jump. The Journal of 
Strength & Conditioning Research, 5(3), 116-120. 
Harvey, M., Weston, K. L., Gray, W. K., O'Callaghan, A., Oates, L. L., Davidson, R. 
& Walker, R. W. (2019) High-intensity interval training in people with Parkinson's 
disease: a randomized, controlled feasibility trial. Clinical Rehabilitation, 33(3), 428-
438. 
Hass, C. J., Feigenbaum, M. S. & Franklin, B. A. (2001) Prescription of resistance 
training for healthy populations. Sports Medicine, 31(14), 953-64. 
Hawley, J. A. & Gibala, M. J. (2009) Exercise intensity and insulin sensitivity: how 
low can you go? Diabetologia, 52(9), 1709-13. 
Hays, R. D., Sherbourne, C. D. & Mazel, R. M. (1993) The RAND 36-Item Health 
Survey 1.0. Health Economics, 2(3), 217-27. 
Heisz, J. J., Tejada, M. G. M., Paolucci, E. M. & Muir, C. (2016) Enjoyment for high-
intensity interval exercise increases during the first six weeks of training: 
implications for promoting exercise adherence in sedentary adults. PloS One, 
11(12), e0168534-e0168534. 
Herbert, P., Grace, F. M. & Sculthorpe, N. F. (2015) Exercising caution: prolonged 
recovery from a single session of high-intensity interval training in older men. 
Journal of the American Geriatric Society, 63(4), 817-818. 
Heyward, V. H. (2010) Advanced fitness assessment and exercise prescription, 6th 
ed. edition. Leeds: Human Kinetics. 
Higgins, J. P. T. & Green, S. (2008) Cochrane handbook for systematic reviews of 
interventions, 1. Aufl. edition. Oxford: Wiley-Blackwell. 
Hipp, J. A., Dodson, E. A., Lee, J. A., Marx, C. M., Yang, L., Tabak, R. G., Hoehner, 
C., Marquet, O. & Brownson, R. C. (2017) Mixed methods analysis of eighteen 
worksite policies, programs, and environments for physical activity. International 
Journal of Behavioral Nutrition and Physical Activity, 14(1), 79. 
Hoboubi, N., Choobineh, A., Kamari Ghanavati, F., Keshavarzi, S. & Akbar 
Hosseini, A. (2017) The impact of job stress and job satisfaction on workforce 
249 
 
productivity in an Iranian petrochemical industry. Safety and Health at Work, 8(1), 
67-71. 
Hoffmann, T. C., Glasziou, P. P., Boutron, I., Milne, R., Perera, R., Moher, D., 
Altman, D. G., Barbour, V., Macdonald, H., Johnston, M., Lamb, S. E., Dixon-
Woods, M., McCulloch, P., Wyatt, J. C., Chan, A.-W. & Michie, S. (2014) Better 
reporting of interventions: template for intervention description and replication 
(TIDieR) checklist and guide. British Medical Journal, 348(mar07 3), g1687-g1687. 
Hood, M. S., Little, J. P., Tarnopolsky, M. A., Myslik, F. & Gibala, M. J. (2011) Low-
volume interval training improves muscle oxidative capacity in sedentary adults. 
Medicine and Science in Sports and Exercise, 43(10), 1849-56. 
Hootman, J. M., Macera, C. A., Ainsworth, B. E., Addy, C. L., Martin, M. & Blair, S. 
N. (2002) Epidemiology of musculoskeletal injuries among sedentary and physically 
active adults. Medicine and Science in Sports and Exercise, 34(5), 838-44. 
Hopkins, W. G. (2007) A spreadsheet for deriving a confidence interval, mechanistic 
inference and clinical inference from a p value. Sportsscience, 11, 16-20  
Hopkins, W. G., Marshall, S. W., Batterham, A. M. & Hanin, J. (2009) Progressive 
statistics for studies in sports medicine and exercise science. Medicine and Science 
in Sports and Exercise, 41(1), 3-13. 
Hosseinpanah, F., Barzin, M., Mirmiran, P. & Azizi, F. (2010) Effect of changes in 
waist circumference on metabolic syndrome over a 6.6-year follow-up in Tehran. 
European Journal of Clinical Nutrition, 64(8), 879-86. 
Houmard, J. A., Shinebarger, M. H., Dolan, P. L., Leggett-Frazier, N., Bruner, R. K., 
McCammon, M. R., & Dohm, G. L. (1993) Exercise training increases GLUT-4 
protein concentration in previously sedentary middle-aged men. American Journal 
of Physiology-Endocrinology and Metabolism, 264(6), E896-E901. 
 
Hulmán, A., Tabák, A. G., Nyári, T. A., Vistisen, D., Kivimäki, M., Brunner, E. J. & 
Witte, D. R. (2014) Effect of secular trends on age-related trajectories of 
cardiovascular risk factors: the Whitehall II longitudinal study 1985-2009. Int J 
Epidemiol, 43(3), 866-77. 
Hunter, J. R., Gordon, B. A., Bird, S. R. & Benson, A. C. (2018) Perceived barriers 
and facilitators to workplace exercise participation. International Journal of 
Workplace Health Management, 11(5), 349-363. 
250 
 
Huppert, F. A., Baylis, N. & Keverne, B. (2005) The science of well-being. Oxford: 
Oxford University Press. 
Hurley, B. F., Nemeth, P. M., Martin, W. H., 3rd, Hagberg, J. M., Dalsky, G. P. & 
Holloszy, J. O. (1986) Muscle triglyceride utilization during exercise: effect of 
training. Journal of Applied Physiology, 60(2), 562-7. 
Hurst, C., Batterham, A. M., Weston, K. L. & Weston, M. (2018a) Short- and long-
term reliability of leg extensor power measurement in middle-aged and older adults. 
Journal of Sports Sciences, 36(9), 970-977. 
Hurst, C., Weston, K. L. & Weston, M. (2018b) The effect of 12 weeks of combined 
upper- and lower-body high-intensity interval training on muscular and 
cardiorespiratory fitness in older adults. Aging Clinical and Experimental Research, 
31(5), 661-71. 
Hyodo, K., Kai, Y., Jindoi, T. & Nagamatsu, T. (2018) The acute effect of practical 
three-minute high-intensity interval training on office workers’ mood: application in 
the office environment. Bulletin of Physical Fitness Research Institute, 116(24-28), 
24-28. 
International Diabetes Federation (2017) IDF Diabetes Atlas 2017.  Watermael-
Boitsfort: International Diabetes Federation. 
International Physical Activity Questionnaire (2005) IPAQ Scoring Protocol, 2005. 
Available online: https://sites.google.com/site/theipaq/scoring-protocol [Accessed 
15.05.2018]. 
IntHout, J., Ioannidis, J. P., Rovers, M. M. & Goeman, J. J. (2016) Plea for routinely 
presenting prediction intervals in meta-analysis. BMJ Open, 6(7), e010247. 
Izquierdo, M., Ibañez, J., Gorostiaga, E., Garrues, M., Zúñiga, A., Antón, A., Larrión, 
J. L. & Häkkinen, K. (1999) Maximal strength and power characteristics in isometric 
and dynamic actions of the upper and lower extremities in middle-aged and older 
men. Acta Physiologica Scandinavia, 167(1), 57-68. 
Jackson, D. & Turner, R. (2017) Power analysis for random-effects meta-analysis. 
Research Synthesis Methods, 8(3), 290-302. 
Jago, R., Davis, L., McNeill, J., Sebire, S. J., Haase, A., Powell, J. & Cooper, A. R. 
(2011) Adolescent girls' and parents' views on recruiting and retaining girls into an 
251 
 
after-school dance intervention: implications for extra-curricular physical activity 
provision. International Journal of Behavioral Nutrition and Physical Activity, 8(91), 
1-9. 
Jain, A., Persaud, J. W., Rao, N., Harvey, D., Robertson, L., Nirmal, L., Nirmal, D., 
Thomas, M., Mikhailidis, D. P. & Nair, D. R. (2011) Point of care testing is 
appropriate for National Health Service health check. Annals of Clinical 
Biochemistry, 48(2), 159-165. 
Jamieson, M. J., Webster, J., Philips, S., Jeffers, T. A., Scott, A. K., Robb, O. J., 
Lovell, H. G. & Petrie, J. C. (1990) The measurement of blood pressure: sitting or 
supine, once or twice? Journal of Hypertension, 8(7), 635-40. 
Janssen, I., Katzmarzyk, P. T. & Ross, R. (2002) Body Mass Index, Waist 
Circumference, and Health Risk: Evidence in Support of Current National Institutes 
of Health Guidelines. JAMA Internal Medicine, 162(18), 2074-2079. 
Janssen, I., Katzmarzyk, P. T. & Ross, R. (2004) Waist circumference and not body 
mass index explains obesity-related health risk. The American Journal of Clinical 
Nutrition, 79(3), 379-84. 
Jaureguizar, K. V., Vicente-Campos, D., Bautista, L. R., de la Peña, C. H., Gómez, 
M. J. A., Rueda, M. J. C. & Ignacio, M. F. (2016) Effect of high-intensity interval 
versus continuous exercise training on functional capacity and quality of life in 
patients with coronary artery disease: a randomised clinical trial. Journal of 
Cardiopulmonary Rehabilitation and Prevention, 36(2), 96-105. 
Jay, K., Frisch, D., Hansen, K., Zebis, M. K., Andersen, C. H., Mortensen, O. S. & 
Andersen, L. L. (2011) Kettlebell training for musculoskeletal and cardiovascular 
health: a randomized controlled trial. Scandinavian Journal of Work Environment 
and Health, 37(3), 196-203. 
Jelleyman, C., Yates, T., O'Donovan, G., Gray, L. J., King, J. A., Khunti, K. & 
Davies, M. J. (2015) The effects of high-intensity interval training on glucose 
regulation and insulin resistance: a meta-analysis. Obesity Reviews, 16(11), 942-61. 
Jeong, S. M., Choi, S., Kim, K., Kim, S. M., Lee, G., Park, S. Y., Kim, Y. Y., Son, J. 
S., Yun, J. M. & Park, S. M. (2018) Effect of change in total cholesterol levels on 
cardiovascular disease among young adults. Journal of the Amercan Heart 
Association, 7(12), e008819. 
252 
 
Jørgensen, M. B., Villadsen, E., Burr, H., Punnett, L. & Holtermann, A. (2016) Does 
employee participation in workplace health promotion depend on the working 
environment? A cross-sectional study of Danish workers. BMJ Open, 6(6), e010516. 
Joseph, P., Leong, D., McKee, M., Anand, S. S., Schwalm, J. D., Teo, K., Mente, A. 
& Yusuf, S. (2017) Reducing the global burden of cardiovascular disease. Part 1 the 
epidemiology and risk factors. Circulation Research, 121(6), 677-694. 
Joslin, E. P. (1924) The treatment of diabetes mellitus. Canadian Medical 
Association Journal, 14(9), 808-11. 
Jung, M. E., Bourne, J. E. & Little, J. P. (2014) Where does HIT fit? An examination 
of the affective response to high-intensity intervals in comparison to continuous 
moderate-and continuous vigorous-intensity exercise in the exercise intensity-affect 
continuum. PloS one, 9(12), e114541. 
Jung, M. E., Little, J. P. & Batterham, A. M. (2016) Commentary: Why sprint interval 
training is inappropriate for a largely sedentary population. Frontiers in Psychology, 
6, 1505. 
Justine, M., Azizan, A., Hassan, V., Salleh, Z. & Manaf, H. (2013) Barriers to 
participation in physical activity and exercise among middle-aged and elderly 
individuals. Singapore Medical Journal, 54(10), 581-6. 
Kannel, W., Dawber, T., Kagan, A., Revotskie, N. & Stokes, J. (1961) Factors of risk 
in the development of coronary heart disease--six year follow-up experience. The 
Framingham Study. Annals of Internal Medicine, 55, 33-50. 
Kannel, W. B. (1967) Habitual level of physical activity and risk of coronary heart 
disease: the Framingham study. Canadian medical association Journal, 96(12), 
811. 
Karimi, M. & Brazier, J. (2016) Health, health-related quality of life, and quality of 
life: what is the difference? PharmacoEconomics, 34(7), 645-649. 
Kathiresan, S. & Srivastava, D. (2012) Genetics of human cardiovascular disease. 
Cell, 148(6), 1242-57. 
Katula, J. A., Rejeski, W. J. & Marsh, A. P. (2008) Enhancing quality of life in older 
adults: a comparison of muscular strength and power training. Health and Qualily of 
Life Outcomes, 6, 45. 
253 
 
Keating, S. E., Hackett, D. A., Parker, H. M., O’Connor, H. T., Gerofi, J. A., 
Sainsbury, A. & Johnson, N. A. (2015) Effect of aerobic exercise training dose on 
liver fat and visceral adiposity. Journal of Hepatology, 63(1), 174-182. 
 
Kendzierski, D. & DeCarlo, K. (1991) Physical Activity Enjoyment Scale: Two 
validation studies. Journal of Sport and Exercise Psychology, 13(1), 50-64. 
Kennedy, J. W., Hirshman, M. F., Gervino, E. V., Ocel, J. V., Forse, R. A., Hoenig, 
S. J., & Horton, E. S. (1999) Acute exercise induces GLUT4 translocation in skeletal 
muscle of normal human subjects and subjects with type 2 diabetes. Diabetes, 
48(5), 1192-1197. 
 
Kennedy, R. A., Boreham, C. A. G., Murphy, M. H., Young, I. S. & Mutrie, N. (2007) 
Evaluating the effects of a low volume stairclimbing programme on measures of 
health-related fitness in sedentary office workers. Journal Of Sports Science & 
Medicine, 6(4), 448-454. 
Kessler, H. S., Sisson, S. B. & Short, K. R. (2012) The potential for high-intensity 
interval training to reduce cardiometabolic disease risk. Sports Medicine, 42(6), 489-
509. 
Kettunen, O., Vuorimaa, T. & Vasankari, T. (2015) A 12-month exercise intervention 
decreased stress symptoms and increased mental resources among working 
adults-results perceived after a 12-month follow-up. International Journal of 
Occupational Medicine and Environmental Health, 28(1), 157-68. 
Keyes, C. L. M. (2005) Mental illness and/or mental Health? Investigating axioms of 
the complete state model of health. Journal of Consulting and Clinical Psychology, 
73(3), 539-548. 
Kinnafick, F. E., Thøgersen-Ntoumani, C., Shepherd, S. O., Wilson, O. J., 
Wagenmakers, A. J. M. & Shaw, C. S. (2018) In it together: A qualitative evaluation 
of participant experiences of a 10-Week, group-based, workplace HIIT program for 
insufficiently active adults. Journal of Sport and Exercise Psychology, 40(1), 10-19. 
Kivimäki, M., Ferrie, J. E. & Marmot, M. (2010) Workplace and mental well-being: 
the Whitehall II study. Evidence-based Public Health: Effectiveness and Efficiency, 
270. 
Klein, S., Allison, D. B., Heymsfield, S. B., Kelley, D. E., Leibel, R. L., Nonas, C., 
Kahn, R., Prevention, A. f. W. M. a. O., NAASO, Society, O., Nutrition, A. S. f. & 
Association, A. D. (2007) Waist circumference and cardiometabolic risk: a 
consensus statement from shaping America's health: Association for Weight 
254 
 
Management and Obesity Prevention; NAASO, the Obesity Society; the American 
Society for Nutrition; and the American Diabetes Association. Diabetes Care, 30(6), 
1647-52. 
Knoll, A. T. & Carlezon, W. A. (2009) Dynorphin, stress, and depression. Brain 
Research, 1314, 56-73. 
Knowles, A.-M., Herbert, P., Easton, C., Sculthorpe, N. & Grace, F. M. (2015) 
Impact of low-volume, high-intensity interval training on maximal aerobic capacity, 
health-related quality of life and motivation to exercise in ageing men. Age, 37(2), 
25-25. 
Knox, E. C. L., Musson, H. & Adams, E. J. (2017) Workplace policies and practices 
promoting physical activity across England: What is commonly used and what 
works? International Journal of Workplace Health Management, 10(5), 391-403. 
Kodama, S., Saito, K., Tanaka, S., Maki, M., Yachi, Y., Asumi, M., Sugawara, A., 
Totsuka, K., Shimano, H., Ohashi, Y., Yamada, N. & Sone, H. (2009) 
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and 
cardiovascular events in healthy men and women: a meta-analysis. Journal of the 
American Medical Association, 301(19), 2024-35. 
Kolotkin, R. L. & Andersen, J. R. (2017) A systematic review of reviews: exploring 
the relationship between obesity, weight loss and health‐related quality of life. 
Clinical Obesity, 7(5), 273-289. 
Korshøj, M., Lidegaard, M., Skotte, J. H., Krustrup, P., Krause, N., Søgaard, K. & 
Holtermann, A. (2015) Does aerobic exercise improve or impair cardiorespiratory 
fitness and health among cleaners? A cluster randomized controlled trial. 
Scandinavian Journal of Work, Environment & Health, 41(2), 140-152. 
Krantz, D. S. & McCeney, M. K. (2002) Effects of psychological and social factors 
on organic disease: A critical assessment of research on coronary heart disease. 
Annual Review of Psychology, 53(1), 341-369. 
Kraus, W. E., Houmard, J. A., Duscha, B. D., Knetzger, K. J., Wharton, M. B., 
McCartney, J. S., Bales, C. W., Henes, S., Samsa, G. P., Otvos, J. D., Kulkarni, K. 
R. & Slentz, C. A. (2002) Effects of the amount and intensity of exercise on plasma 
lipoproteins. New England Journal of Medicine, 347(19), 1483-92. 
255 
 
Krishnaveni, P. & Gowda, V. M. (2015) Assessing the validity of Friedewald's 
formula and Anandraja's formula For serum LDL-Cholesterol calculation. Journal of 
Clinical and Diagnostic Research, 9(12), BC01-4. 
Kumanyika, S. K., Story, M., Beech, B. M., Sherwood, N. E., Baranowski, J. C., 
Powell, T. M., Cullen, K. W. & Owens, A. S. (2003) Collaborative planning for 
formative assessment and cultural appropriateness in the Girls health Enrichment 
Multi-site Studies (GEMS): a retrospection. Ethnicity and Disease, 13(1 Suppl 1), 
S15-29. 
Laakso, M. (1999) Hyperglycemia as a risk factor for cardiovascular disease in type 
2 diabetes. Prim Care, 26(4), 829-39. 
Laakso, M. & Kuusisto, J. (2014) Insulin resistance and hyperglycaemia in 
cardiovascular disease development. Nature Reviews Endocrinology, 10(5), 293-
302. 
Lamoureux, N. R., Fitzgerald, J. S., Norton, K. I., Sabato, T., Tremblay, M. S. & 
Tomkinson, G. R. (2019) Temporal trends in the cardiorespiratory fitness of 
2,525,827 adults between 1967 and 2016: a systematic review. Sports Medicine, 
49(1). 
Langdridge, D. & Hagger-Johnson, G. (2009) Introduction to research methods and 
data analysis in psychology, 2nd edition. Harrow: Pearson Education. 
Lark, S., Kurtovich, R. & de Terte, I. (2017) High intensity intermittent training to 
combat chronic stress in an already trained population. Journal of Science and 
Medicine in Sport, 20, S50-S51. 
Laukkanen, J. A., Zaccardi, F., Khan, H., Kurl, S., Jae, S. Y. & Rauramaa, R. (2016) 
Long-term change in cardiorespiratory fitness and all-cause mortality: a population-
based follow-up study. Mayo Clinical Proceedings, 91(9), 1183-8. 
Laursen, P. B. (2010) Training for intense exercise performance: high-intensity or 
high-volume training? Scandinavian Journal of Medicine and Science in Sports, 20 
(2), 1-10. 
Laursen, P. B. & Jenkins, D. G. (2002) The scientific basis for high-intensity interval 
training. Sports Medicine, 32(1), 53-73. 
256 
 
Lauzier, M., Melancon, S. & Cote, K. (2017) The effect of stress seen on 
absenteeism and Presenteeism behavior: the mediating role of health. Canadian 
Journal of Behavioural Science, 49(4), 221-230. 
Lawlor, D. A. & Hopker, S. W. (2001) The effectiveness of exercise as an 
intervention in the management of depression: systematic review and meta-
regression analysis of randomised controlled trials. British Medical Journal, 322, 1-
8. 
Lee, D. C., Artero, E. G., Sui, X. & Blair, S. N. (2010) Mortality trends in the general 
population: the importance of cardiorespiratory fitness. Journal of 
Psychopharmacology, 24(4), 27-35. 
Lee, D. C., Sui, X., Ortega, F. B., Kim, Y. S., Church, T. S., Winett, R. A., Ekelund, 
U., Katzmarzyk, P. T. & Blair, S. N. (2011) Comparisons of leisure-time physical 
activity and cardiorespiratory fitness as predictors of all-cause mortality in men and 
women. British Journal of Sports Medicine, 45(6), 504-10. 
Lee, E.H. (2012) Review of the Psychometric Evidence of the Perceived Stress 
Scale. Asian Nursing Research, 6(4), 121-127. 
Lee, I. M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk, P. T. & 
Group, L. P. A. S. W. (2012) Effect of physical inactivity on major non-
communicable diseases worldwide: an analysis of burden of disease and life 
expectancy. Lancet, 380(9838), 219-29. 
Lewington, S., Clarke, R., Qizilbash, N., Peto, R., Collins, R. & Collaboration, P. S. 
(2002) Age-specific relevance of usual blood pressure to vascular mortality: a meta-
analysis of individual data for one million adults in 61 prospective studies. Lancet, 
360(9349), 1903-13. 
Lewington, S., MacMahon, S., Aromaa, A., Baigent, C., Carstensen, J., Chen, Z., 
Clarke, R., Collins, R., Duffy, S. & Kromhout, D. (2009) Body-mass index and 
cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective 
studies. Lancet, 373(9669), 1083-1096. 
Lewington, S., Whitlock, G., Clarke, R., Sherliker, P., Emberson, J., Halsey, J., 
Qizilbash, N., Peto, R., Collins, R. & Collaboration, P. S. (2007) Blood cholesterol 
and vascular mortality by age, sex, and blood pressure: a meta-analysis of 




Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P., 
Clarke, M., Devereaux, P. J., Kleijnen, J. & Moher, D. (2009) The PRISMA 
statement for reporting systematic reviews and meta-analyses of studies that 
evaluate health care interventions: explanation and elaboration. Journal of Clinical 
Epidemiology, 62(10), 1-34. 
Liguori, G. (2018) ACSM's health-related physical fitness assessment manual, 5th 
edition. Philadelphia: Wolters Kluwer. 
Lin, X., Zhang, X., Guo, J., Roberts, C. K., McKenzie, S., Wu, W. C., Liu, S. & Song, 
Y. (2015) Effects of exercise training on cardiorespiratory fitness and biomarkers of 
cardiometabolic health: a systematic review and meta-analysis of randomized 
controlled trials. Journal of the Amercan Heart Association, 4(7), e002014. 
Lira, V. A., Benton, C. R., Yan, Z. & Bonen, A. (2010) PGC-1alpha regulation by 
exercise training and its influences on muscle function and insulin sensitivity. 
American Journal of Physiology, Endocrinology and Metabolism, 299(2), E145-
E161. 
Little, J. P., Gillen, J. B., Percival, M. E., Safdar, A., Tarnopolsky, M. A., Punthakee, 
Z., Jung, M. E. & Gibala, M. J. (2011) Low-volume high-intensity interval training 
reduces hyperglycemia and increases muscle mitochondrial capacity in patients 
with type 2 diabetes. Journal of Applied Physiology, 111(6), 1554-60. 
Little, J. P., Langley, J., Lee, M., Myette-Côté, E., Jackson, G., Durrer, C., Gibala, 
M. J. & Jung, M. E. (2019) Sprint exercise snacks: a novel approach to increase 
aerobic fitness. European Journal of Applied Physiology, 119(5), 1203-1212. 
Little, J. P., Safdar, A., Wilkin, G. P., Tarnopolsky, M. A. & Gibala, M. J. (2010) A 
practical model of low-volume high-intensity interval training induces mitochondrial 
biogenesis in human skeletal muscle: potential mechanisms. Journal of Physiology 
588(6), 1011-22. 
Little, R. R. & Sacks, D. B. (2009) HbA1c: how do we measure it and what does it 
mean? Current Opinion in Endocrinology, Diabetes and Obesity, 16(2), 113-118. 
Lopez-Miranda, J., Williams, C. & Lairon, D. (2007) Dietary, physiological, genetic 
and pathological influences on postprandial lipid metabolism. British Journal of 
Nutrition, 98(3), 458-473. 
 
Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya, K., Aboyans, V., Abraham, 
J., Adair, T., Aggarwal, R., Ahn, S. Y., Alvarado, M., Anderson, H. R., Anderson, L. 
258 
 
M., Andrews, K. G., Atkinson, C., Baddour, L. M., Barker-Collo, S., Bartels, D. H., 
Bell, M. L., Benjamin, E. J., Bennett, D., Bhalla, K., Bikbov, B., Bin Abdulhak, A., 
Birbeck, G. & Blyth, F. (2012) Global and regional mortality from 235 causes of 
death for 20 age groups in 1990 and 2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet, 380(9859), 2095-128. 
 
Lunt, H., Draper, N., Marshall, H. C., Logan, F. J., Hamlin, M. J., Shearman, J. P., 
Cotter, J. D., Kimber, N. E., Blackwell, G. & Frampton, C. M. (2014) High intensity 
interval training in a real world setting: a randomized controlled feasibility study in 
overweight inactive adults, measuring change in maximal oxygen uptake. PLoS 
One, 9(1), e83256. 
Lupsa, B. C. & Inzucchi, S. E. (2018) Diabetes medications and cardiovascular 
disease: at long last progress. Curr Opin Endocrinol Diabetes Obes, 25(2), 87-93. 
MacInnis, M. J. & Gibala, M. J. (2017) Physiological adaptations to interval training 
and the role of exercise intensity. The Journal of Physiology, 595(9), 2915-2930. 
Macpherson, T. W., McLaren, S. J., Gregson, W., Lolli, L., Drust, B. & Weston, M. 
(2019) Using differential ratings of perceived exertion to assess agreement between 
coach and player perceptions of soccer training intensity: An exploratory 
investigation. Journal of Sports Sciences, 1-6. 
Maher, C. G., Sherrington, C., Herbert, R. D., Moseley, A. M. & Elkins, M. (2003) 
Reliability of the PEDro scale for rating quality of randomized controlled trials. 
Physical Therapy, 83(8), 713-21. 
Maillard, F., Pereira, B. & Boisseau, N. (2018) Effect of high-intensity interval 
training on total, abdominal and visceral fat mass: a meta-analysis. Sports Medicine, 
48(2), 269-88. 
Mair, J. L., Nevill, A. M., De Vito, G. & Boreham, C. A. (2016) Personalised 
prescription of scalable high intensity interval training to inactive female adults of 
different ages. PLoS One, 11(2), e0148702. 
Mancia, G., Fagard, R., Narkiewicz, K., Redon, J., Zanchetti, A., Böhm, M., 
Christiaens, T., Cifkova, R., De Backer, G., Dominiczak, A., Galderisi, M., Grobbee, 
D. E., Jaarsma, T., Kirchhof, P., Kjeldsen, S. E., Laurent, S., Manolis, A. J., Nilsson, 
P. M., Ruilope, L. M., Schmieder, R. E., Sirnes, P. A., Sleight, P., Viigimaa, M., 
Waeber, B., Zannad, F. (2014) 2013 ESH/ESC Practice Guidelines for the 
Management of Arterial Hypertension. Blood Pressure, 23(1), 3-16. 
259 
 
Mangeri, F., Montesi, L., Forlani, G., Dalle Grave, R. & Marchesini, G. (2014) A 
standard ballroom and Latin dance program to improve fitness and adherence to 
physical activity in individuals with type 2 diabetes and in obesity. Diabetology and 
Metabolic Syndrome, 6(1), 74. 
Mann S, Beedie C, Jimenez A. (2014) Differential effects of aerobic exercise, 
resistance training and combined exercise modalities on cholesterol and the lipid 
profile: review, synthesis and recommendations. Sports Medicine. 44(2), 211–221.  
 
Marfell-Jones, M. J., Stewart, A. & De Ridder, J. (2012) International standards for 
anthropometric assessment. Lower Hutt, NZ: International Society for the 
Advancement of Kinanthropometry. 
Marmot, M., Siegrist, J. & Theorell, T. (2006) Health and the psychosocial 
environment at work, in Marmot, M. & Wilkinson, R. (eds), Social Determinants of 
Health. New York: Oxford University Press, 97-130. 
Maron, D. J. (2000) The epidemiology of low levels of high-density lipoprotein 
cholesterol in patients with and without coronary artery disease. American Journal 
of Cardiology, 86(12A), 11-14. 
Marrachelli, V. G., Rentero, P., Mansego, M. L., Morales, J. M., Galan, I., Pardo-
Tendero, M., Martinez, F., Martin-Escudero, J. C., Briongos, L., Chaves, F. J., 
Redon, J. & Monleon, D. (2016) Genomic and metabolomic profile associated to 
clustering of cardio-metabolic risk factors. PLoS ONE, 11(9), e0160656. 
Marsaux, C. F., Celis-Morales, C., Hoonhout, J., Claassen, A., Goris, A., Forster, H., 
Fallaize, R., Macready, A. L., Navas-Carretero, S., Kolossa, S., Walsh, M. C., 
Lambrinou, C. P., Manios, Y., Godlewska, M., Traczyk, I., Lovegrove, J. A., 
Martinez, J. A., Daniel, H., Gibney, M., Mathers, J. C. & Saris, W. H. (2016) 
Objectively measured physical activity in European adults: cross-sectional findings 
from the Food4Me Study. PLoS One, 11(3), e0150902. 
Martin, C. K., Church, T. S., Thompson, A. M., Earnest, C. P. & Blair, S. N. (2009) 
Exercise dose and quality of life: a randomized controlled trial. Journal of the 
American Medical Association Internal Medicine, 169(3), 269-278. 
Martin, W. H., 3rd, Dalsky, G. P., Hurley, B. F., Matthews, D. E., Bier, D. M., 
Hagberg, J. M., Rogers, M. A., King, D. S. & Holloszy, J. O. (1993) Effect of 
endurance training on plasma free fatty acid turnover and oxidation during exercise. 
American Journal of Physiology 265(5), 708-14. 
260 
 
Martinez-Valdes, E., Falla, D., Negro, F., Mayer, F. & Farina, D. (2017) Differential 
motor unit changes after endurance or high-intensity interval training. Medicine and 
Science in Sports and Exercise, 49(6), 1126-1136. 
Martinsson, C., Lohela-Karlsson, M., Kwak, L., Bergström, G. & Hellman, T. (2016) 
What incentives influence employers to engage in workplace health interventions? 
BMC Public Health, 16(1), 854. 
Mason, P. & Kearns, A. (2013) Physical activity and mental wellbeing in deprived 
neighbourhoods. Mental Health and Physical Activity, 6(2), 111-117. 
Mathiowetz, V., Vizenor, L. & Melander, D. (2000) Comparison of baseline 
instruments to the Jamar dynamometer and the B&L Engineering Pinch Gauge. The 
Occupational Therapy Journal of Research, 20(3), 147-162. 
Mathiowetz, V., Weber, K., Volland, G. & Kashman, N. (1984) Reliability and validity 
of grip and pinch strength evaluations. The Journal of Hand Surgery, 9(2), 222-226. 
McArdle, W. D., Katch, F. I., Pechar, G. S., Jacobson, L., & Ruck, S. (1972) 
Reliability and interrelationships between maximal oxygen intake, physical work 
capacity and step-test scores in college women. Medicine and Science in Sports 
and Exercise, 4(4), 182-186. 
McArdle, W.D., Katch, F. I., & Katch, V. L. (2015) Exercise physiology: nutrition, 
energy and human performance, 8th edition. Baltimore, MD: Wolters Kluwer Health. 
McEwen, B. S. (1998) Protective and damaging effects of stress mediators. New 
England Journal of Medicine, 338(3), 171-179. 
McNeil, J. K., LeBlanc, E. M. & Joyner, M. (1991) The effect of exercise on 
depressive symptoms in the moderately depressed elderly. Psychology and Aging, 
6(3), 487. 
McLaren, S. J., Smith, A., Spears, I. R., & Weston, M. (2017) A detailed 
quantification of differential ratings of perceived exertion during team-sport training. 
Journal of Science and Medicine in Sport, 20(3), 290-295. 
 





Metcalfe, R. S., Babraj, J. A., Fawkner, S. G. & Vollaard, N. B. (2012) Towards the 
minimal amount of exercise for improving metabolic health: beneficial effects of 
reduced-exertion high-intensity interval training. European Journal of Applied 
Physiology, 112(7), 2767-75. 
Metcalfe, R. S., Koumanov, F., Ruffino, J. S., Stokes, K. A., Holman, G. D., 
Thompson, D. & Vollaard, N. B. (2015) Physiological and molecular responses to an 
acute bout of reduced-exertion high-intensity interval training (REHIT). European 
Journal of Applied Physiology, 115(11), 2321-34. 
Metcalfe, R. S., Tardif, N., Thompson, D. & Vollaard, N. B. (2016) Changes in 
aerobic capacity and glycaemic control in response to reduced-exertion high-
intensity interval training (REHIT) are not different between sedentary men and 
women. Applied Physiology, Nutrition and Metabolism, 41(11), 1117-1123. 
Milanovic, Z., Sporis, G. & Weston, M. (2015) Effectiveness of high-intensity interval 
training (HIT) and continuous endurance training for VO2max improvements: a 
systematic review and meta-analysis of controlled trials. Sports Medicine, 45(10), 
1469-81. 
Milat, A. J., King, L., Bauman, A. E. & Redman, S. (2012) The concept of scalability: 
increasing the scale and potential adoption of health promotion interventions into 
policy and practice. Health Promotion International, 28(3), 285-298. 
Miller, M. (2009) Dyslipidemia and cardiovascular risk: the importance of early 
prevention. QJM: An International Journal of Medicine, 102(9), 657-67. 
Mills, K. T., Bundy, J. D., Kelly, T. N., Reed, J. E., Kearney, P. M., Reynolds, K., 
Chen, J. & He, J. (2016) Global disparities of hypertension prevalence and control: 
a systematic analysis of population-based studies from 90 countries. Circulation, 
134(6), 441-50. 
Mokdad, A. H. P., Jaber, S. M. D., Aziz, M. I. A. P., AlBuhairan, F. M. D., AlGhaithi, 
A. M. D., AlHamad, N. M. P., Al-Hooti, S. N. P., Al-Jasari, A. M. D., AlMazroa, M. A. 
M. D., AlQasmi, A. M. M. D., Alsowaidi, S. M. D., Asad, M. M. D., Atkinson, C. B. S., 
Badawi, A. P., Bakfalouni, T. M. D., Barkia, A. P., Biryukov, S. B. S., El Bcheraoui, 
C. P., Daoud, F. B. S., Forouzanfar, M. H. M. D., Gonzalez-Medina, D. B. A., 
Hamadeh, R. R. P., Hsairi, M. M. D., Hussein, S. S. M. D., Karam, N. M. D., Khalifa, 
S. E. A. H. M. D., Khoja, T. A. M. P., Lami, F. M. D., Leach-Kemon, K. M. P. H., 
Memish, Z. A. P., Mokdad, A. A. M. D., Naghavi, M. P., Nasher, J. M. D., Qasem, M. 
B. H. M. D., Shuaib, M. M. D., Thani, A. A. M. A. M. D., Thani, M. H. A. M. D., 
Zamakhshary, M. M. D., Lopez, A. D. P. & Murray, C. J. L. P. (2014) The state of 
262 
 
health in the Arab world, 1990–2010: an analysis of the burden of diseases, injuries, 
and risk factors. Lancet, 383(9914), 309-320. 
Morales-Palomo, F., Ramirez-Jimenez, M., Ortega, J. F., Pallarés, J. G. & Mora-
Rodriguez, R. (2017) Acute hypotension after high-intensity interval exercise in 
metabolic syndrome patients. International Journal of Sports Medicine, 38(7), 560-
567. 
Morgan, F., Battersby, A., Weightman, A. L., Searchfield, L., Turley, R., Morgan, H., 
Jagroo, J. & Ellis, S. (2016) Adherence to exercise referral schemes by participants 
- what do providers and commissioners need to know? A systematic review of 
barriers and facilitators. BMC Public Health, 16, 227. 
Mulla, D. M., Wiebenga, E. G., Chopp-Hurley, J. N., Kaip, L., Jarvis, R. S., 
Stephens, A., Keir, P. J. & Maly, M. R. (2018) The effects of lower extremity 
strengthening delivered in the workplace on physical function and work-related 
outcomes among desk-based workers: a randomized controlled trial. Journal of 
Occupational and Environmental Medicine, 60(11), 1005-1014. 
Murphy, M. H., Lahart, I., Carlin, A. & Murtagh, E. (2019) The effects of continuous 
compared to accumulated exercise on health: a meta-analytic review. Sports 
Medicine, 49(10), 1585-1607. 
Murray, C. J., Vos, T., Lozano, R., Naghavi, M., Flaxman, A. D., Michaud, C., 
Ezzati, M., Shibuya, K., Salomon, J. A., Abdalla, S., Aboyans, V., Abraham, J., 
Ackerman, I., Aggarwal, R., Ahn, S. Y., Ali, M. K., Alvarado, M., Anderson, H. R., 
Anderson, L. M., Andrews, K. G., Atkinson, C., Baddour, L. M., Bahalim, A. N., 
Barker-Collo, S., Barrero, L. H., Bartels, D. H., Basáñez, M. G., Baxter, A., Bell, M. 
L., Benjamin, E. J., Bennett, D., Bernabé, E., Bhalla, K., Bhandari, B., Bikbov, B., 
Bin Abdulhak, A., Birbeck, G., Black, J. A., Blencowe, H., Blore, J. D., Blyth, F., 
Bolliger, I., Bonaventure, A., Boufous, S., Bourne, R., Boussinesq, M., Braithwaite, 
T., Brayne, C., Bridgett, L., Brooker, S., Brooks, P., Brugha, T. S., Bryan-Hancock, 
C., Bucello, C., Buchbinder, R., Buckle, G., Budke, C. M., Burch, M., Burney, P., 
Burstein, R., Calabria, B., Campbell, B., Canter, C. E., Carabin, H., Carapetis, J., 
Carmona, L., Cella, C., Charlson, F., Chen, H., Cheng, A. T., Chou, D., Chugh, S. 
S., Coffeng, L. E., Colan, S. D., Colquhoun, S., Colson, K. E., Condon, J., Connor, 
M. D., Cooper, L. T., Corriere, M., Cortinovis, M., de Vaccaro, K. C., Couser, W., 
Cowie, B. C., Criqui, M. H., Cross, M., Dabhadkar, K. C., Dahiya, M., Dahodwala, 
N., Damsere-Derry, J., Danaei, G., Davis, A., De Leo, D., Degenhardt, L., 
Dellavalle, R., Delossantos, A., Denenberg, J., Derrett, S., Des Jarlais, D. C., 
Dharmaratne, S. D., et al., (2012) Disability-adjusted life years (DALYs) for 291 
diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet, 380(9859), 2197-223. 
263 
 
Musa, D. I., Adeniran, S. A., Dikko, A. U. & Sayers, S. P. (2009) The effect of a 
high-intensity interval training program on high-density lipoprotein cholesterol in 
young men. Journal of Strength Conditioning Research, 23(2), 587-92. 
Mutrie, N., Foster, C., Estabrooks, P., Burton, N. W. & Baker, G. (2010) Recruiting 
hard-to-reach populations to physical activity studies: evidence and experiences. 
Journal of Physical Activity and Health, 7(Supple), 329-331. 
Mynors-Wallis, L.M., Gath, D.H., Day, A., Baker, F. (2000) Randomised controlled 
trial of problem solving treatment, antidepressant medication, and combined 
treatment for major depression in primary care, British Medical Journal, 320 (7226), 
26–30. 
Nabel, E. G. (2003) Cardiovascular disease. New England Journal of Medicine, 
349(1), 60-72. 
NatCen Social Research (2017) Health Survey for England 2016.  London: NatCen 
Social Research. 
National Institute for Health and Care Excellence (2008) Physical Activity in the 
Workplace.  London: National Centre for Health and Care Excellence. 
National Institute for Health and Care Excellence (2014) Lipid modification: 
cardiovascular risk assessment and the modification of blood lipids for the primary 
and secondary prevention of cardiovascular disease.  London: National Institute for 
Health and Care Excellence. 
National Institute for Health and Care Excellence (2018) Impact of cardiovascular 
disease prevention.  London: National Institute for Health and Care Excellence. 
Newman, A. B., Kupelian, V., Visser, M., Simonsick, E. M., Goodpaster, B. H., 
Kritchevsky, S. B., Tylavsky, F. A., Rubin, S. M. & Harris, T. B. (2006) Strength, but 
not muscle mass, is associated with mortality in the health, aging and body 
composition study cohort. The Journals of Gerontology: Series A, 61(1), 72-77. 
Ng, D. M. & Jeffery, R. W. (2003) Relationships between perceived stress and 
health behaviors in a sample of working adults. Health Psychology, 22(6), 638-642. 




NHS Digital (2019) Statistics on Obesity, Physical Activity and Diet, England, 2019.  
London: Office of National Statistics,. 
Nielsen, R. O., Bertelsen, M. L., Ramskov, D., Damsted, C., Verhagen, E., 
Bredeweg, S. W., Theisen, D. & Malisoux, L. (2019) Randomised controlled trials 
(RCTs) in sports injury research: authors—please report the compliance with the 
intervention. British Journal of Sports Medicine, bjsports-2019-100858. 
Nordestgaard, B. G., Langsted, A., Mora, S., Kolovou, G., Baum, H., Bruckert, E., 
Watts, G. F., Sypniewska, G., Wiklund, O., Borén, J., Chapman, M. J., Cobbaert, C., 
Descamps, O. S., von Eckardstein, A., Kamstrup, P. R., Pulkki, K., Kronenberg, F., 
Remaley, A. T., Rifai, N., Ros, E. & Langlois, M. (2016) Fasting is not routinely 
required for determination of a lipid profile: clinical and laboratory implications 
including flagging at desirable concentration cut-points—a joint consensus 
statement from the European Atherosclerosis Society and European Federation of 
Clinical Chemistry and Laboratory Medicine. Clinical Chemistry, 62(7), 930-46. 
Nordestgaard, B. G. P. & Varbo, A. M. D. (2014) Triglycerides and cardiovascular 
disease. Lancet, 384(9943), 626-635. 
Norton, K., Norton, L. & Sadgrove, D. (2009) Position statement on physical activity 
and exercise intensity terminology. Journal of Science and Medicine in Sport, 13(5), 
496-502. 
O'Brien, E., Atkins, N., Stergiou, G., Karpettas, N., Parati, G., Asmar, R., Imai, Y., 
Wang, J., Mengden, T. & Shennan, A. (2010) European Society of Hypertension 
International Protocol revision 2010 for the validation of blood pressure measuring 
devices in adults. Blood Pressure Monitoring, 15, 23-38. 
Oden, G., Crouse, S. F. & Reynolds, C. (1989) Worker productivity, job satisfaction, 
and work related stress: the infuence of an employee fitness program. Fitness in 
Business, 3(6), 198-203. 
Office of National Statistics (2015) English Indices of Deprivation 2015.  London 
Ministry of Housing Communities and Local Government,. 
Oliveira, B. R. R., Santos, T. M., Kilpatrick, M., Pires, F. O. & Deslandes, A. C. 
(2018) Affective and enjoyment responses in high intensity interval training and 




Olney, N., Wertz, T., LaPorta, Z., Mora, A., Serbas, J. & Astorino, T. A. (2018) 
Comparison of acute physiological and psychological responses between moderate-
intensity continuous exercise and three regimes of high-intensity interval training. 
Journal of Strength and Conditioning Research, 32(8), 2130-2138. 
Parfitt, G., Eston, R. G. & Connolly, D. A. (1996) Psychological affect at different 
ratings of perceived exertion in high- and low-active women: Implications for 
exercise promotion. Journal of Sports Sciences, 14(1), 42-43. 
Parfitt, G., Markland, D. & Holmes, C. (1994) Responses to physical exertion in 
active and inactive males and females. Journal of Sport and Exercise Psychology, 
16(2), 178-186. 
Parikh, P., Mochari, H. & Mosca, L. (2009) Clinical utility of a fingerstick technology 
to identify individuals with abnormal blood lipids and high-sensitivity C-reactive 
protein levels. American Journal of Health Promotion, 23(4), 279-82. 
Parmenter, B. J., Dieberg, G., Phipps, G. & Smart, N. A. (2015) Exercise training for 
health-related quality of life in peripheral artery disease: a systematic review and 
meta-analysis. Vascular Medicine, 20(1), 30-40. 
Patton, J. F. & Duggan, A. (1987) An evaluation of tests of anaerobic power. 
Aviation Space and Environmental Medicine, 58(3), 237-42. 
Pedersen, B. K., & Saltin, B. (2015). Exercise as medicine–evidence for prescribing 
exercise as therapy in 26 different chronic diseases. Scandinavian Journal of 
Medicine & Science in Sports, 25(3), 1-72. 
 
Peluso, M. A. & Guerra de Andrade, L. H. (2005) Physical activity and mental 
health: the association between exercise and mood. Clinics, 60(1), 61-70. 
Perloff, D., Grim, C., Flack, J., Frohlich, E. D., Hill, M., McDonald, M. & 
Morgenstern, B. Z. (1993) Human blood pressure determination by 
sphygmomanometry. Circulation, 88(5 Pt 1), 2460-70. 
Perna, F. M., Coa, K., Troiano, R. P., Lawman, H. G., Wang, C.-Y., Li, Y., Moser, R. 
P., Ciccolo, J. T., Comstock, B. A. & Kraemer, W. J. (2016) Muscular grip strength 
estimates of the US population from the national health and nutrition examination 




Pescatello, L. S., MacDonald, H. V., Lamberti, L. & Johnson, B. T. (2015) Exercise 
for hypertension: a prescription update integrating existing recommendations with 
emerging research. Current Hypertension Reports, 17(11), 87. 
Pescud, M., Teal, R., Shilton, T., Slevin, T., Ledger, M., Waterworth, P. & 
Rosenberg, M. (2015) Employers' views on the promotion of workplace health and 
wellbeing: a qualitative study. BMC Public Health, 15, 642. 
Peterson, M. D., Rhea, M. R. & Alvar, B. A. (2005) Applications of the dose-
response for muscular strength development: A review of meta-analytic efficacy and 
reliability for designing training prescription. Journal of Strength and Conditioning 
Research, 19(4), 950-958. 
Pettitt, D. J., Talton, J. W., Liese, A. D., Liu, L. L., Crimmins, N., West, N. A., D' 
Agostino, R. B., Jr. & Kahn, H. S. (2012) Comparison of two waist circumference 
measurement protocols: the SEARCH for diabetes in youth study. Pediatric obesity, 
7(6), e81-e85. 
Phillips, B. E., Kelly, B. M., Lilja, M., Ponce-González, J. G., Brogan, R. J., Morris, 
D. L., Gustafsson, T., Kraus, W. E., Atherton, P. J., Vollaard, N. B. J., Rooyackers, 
O. & Timmons, J. A. (2017) A practical and time-efficient high-intensity interval 
training program modifies cardio-metabolic risk factors in adults with risk factors for 
Type II Diabetes. Frontiers in Endocrinology, 8, 229. 
Phipps, E., Madison, N., Pomerantz, S. C. & Klein, M. G. (2010) Identifying and 
assessing interests and concerns of priority populations for work-site programs to 
promote physical activity. Health Promotion and Practice, 11(1), 71-8. 
Pickering, T. G., Hall, J. E., Appel, L. J., Falkner, B. E., Graves, J., Hill, M. N., 
Jones, D. W., Kurtz, T., Sheps, S. G. & Roccella, E. J. (2005) Recommendations for 
blood pressure measurement in humans and experimental animals: part 1: blood 
pressure measurement in humans: a statement for professionals from the 
Subcommittee of Professional and Public Education of the American Heart 
Association Council on High Blood Pressure Research. Circulation, 111(5), 697-
716. 
Piepoli, M. F., Hoes, A. W., Agewall, S., Albus, C., Brotons, C., Catapano, A. L., 
Cooney, M.-T., Corra, U., Cosyns, B. & Deaton, C. (2016) 2016 European 
Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint 
Task Force of the European Society of Cardiology and Other Societies on 




Pischon, T., Boeing, H., Hoffmann, K., Bergmann, M., Schulze, M. B., Overvad, K., 
van der Schouw, Y. T., Spencer, E., Moons, K. G. M., Tjønneland, A., Halkjaer, J., 
Jensen, M. K., Stegger, J., Clavel-Chapelon, F., Boutron-Ruault, M. C., Chajes, V., 
Linseisen, J., Kaaks, R., Trichopoulou, A., Trichopoulos, D., Bamia, C., Sieri, S., 
Palli, D., Tumino, R., Vineis, P., Panico, S., Peeters, P. H. M., May, A. M., Bueno-
de-Mesquita, H. B., van Duijnhoven, F. J. B., Hallmans, G., Weinehall, L., Manjer, 
J., Hedblad, B., Lund, E., Agudo, A., Arriola, L., Barricarte, A., Navarro, C., 
Martinez, C., Quirós, J. R., Key, T., Bingham, S., Khaw, K. T., Boffetta, P., Jenab, 
M., Ferrari, P. & Riboli, E. (2008) General and abdominal adiposity and risk of death 
in Europe. New England Journal of Medicine, 359(20), 2105-2120. 
Pistrosch, F., Natali, A. & Hanefeld, M. (2011) Is hyperglycemia a cardiovascular 
risk factor? Diabetes Care, 34 Suppl 2, S128-31. 
Planchard, J. H., Corrion, K., Lehmann, L. & d'Arripe-Longueville, F. (2018) 
Worksite physical activity barriers and facilitators: a qualitative study based on the 
transtheoretical model of change. Frontiers in Public Health, 6, 326. 
Poole, D. C. & Jones, A. M. (2017) Measurement of the maximum oxygen uptake 
V̇o 2max : V̇o 2peak  is no longer acceptable. Journal of Applied Physiology, 122(4), 
997-1002. 
Poole, D. C., Wilkerson, D. P. & Jones, A. M. (2008) Validity of criteria for 
establishing maximal O2 uptake during ramp exercise tests. European Journal of 
Applied Physiology, 102(4), 403-410. 
Prieske, O., Dalager, T., Herz, M., Hortobagyi, T., Sjøgaard, G., Søgaard, K. & 
Granacher, U. (2019) Effects of physical exercise training in the workplace on 
physical fitness: a systematic review and meta-analysis. Sports Medicine, 1-19. 
Pronk, N. P., Martinson, B., Kessler, R. C., Beck, A. L., Simon, G. E. & Wang, P. 
(2004) The association between work performance and physical activity, 
cardiorespiratory fitness, and obesity. Journal of Occupational and Environmental 
Medicine, 46(1), 19-25. 
Proper, K. I., Koning, M., van der Beek, A. J., Hildebrandt, V. H., Bosscher, R. J. & 
van Mechelen, W. (2003) The effectiveness of worksite physical activity programs 
on physical activity, physical fitness, and health. Clinical Journal of Sports Medicine, 
13(2), 106-17. 
Public Health England (2016) Hypertension prevalence estimates for local 
populations.  London: Public Health England. 
268 
 
Public Health England (2017) Local Authority Health Profiles, 2017. Available 
online: https://fingertips.phe.org.uk/profile/health-profiles [Accessed 02.02.2019]. 
Puetz, T. W., O'Connor, P. J. & Dishman, R. K. (2006) Effects of chronic exercise 
on feelings of energy and fatigue: a quantitative synthesis. Psychological Bulletin, 
132(6), 866. 
Reed, J. L., Prince, S. A., Elliott, C. G., Mullen, K. A., Tulloch, H. E., Hiremath, S., 
Cotie, L. M., Pipe, A. L. & Reid, R. D. (2017) Impact of workplace physical activity 
interventions on physical activity and cardiometabolic health among working-age 
women: a systematic review and meta-analysis. Circulation Cardiovascular Quality 
and Outcomes, 10(2). 
Reichert, F. F., Barros, A. J., Domingues, M. R. & Hallal, P. C. (2007) The role of 
perceived personal barriers to engagement in leisure-time physical activity. 
American Journal of Public Health, 97(3), 515-9. 
Reid, K. F. & Fielding, R. A. (2012) Skeletal muscle power:  a critical determinant of 
physical functioning in older adults. Exercise and Sport Science Reviews, 40(1), 4-
12. 
Reindell, H. & Roskamm, H. (1959) Ein beitrag zu den physiologischen Grundlagen 
des intervall training unter besonderer berucksichtigung des Kreilaufes. 
Schweizerische Zeitschrift Fur Sportmedizin, 7, 1-8. 
Reljic, D., Lampe, D., Wolf, F., Zopf, Y., Herrmann, H. J. & Fischer, J. (2019) 
Prevalence and predictors of dropout from high‐intensity interval training in 
sedentary individuals: a meta‐analysis. Scandinavian Journal of Medicine and 
Science in Sports, 29, 1288-1304. 
Reljic, D., Wittmann, F. & Fischer, J. (2018) Effects of low-volume high-intensity 
interval training in a community setting: a pilot study. European Journal of Applied 
Physiology, 118 (6), 1153–1167. 
Rhea, MR., Alvar, BA., Burkett, L. & Ball, S. (2003) A Meta-analysis to Determine 
the Dose Response for Strength Development. Medicine & Science in Sports & 
Exercise, 35(3), 456-464 
Rider, B. C., Conger, S. A., Ditzenberger, G. L., Besteman, S. S., Bouret, C. M. & 
Coughlin, A. M. (2019) Examining the accuracy of the Polar A360 Monitor. The 
Journal of Strength & Conditioning Research, Publish Ahead of Print. 
269 
 
Riebe, D. (ed), (2018) ACSM's guidelines for exercise testing and prescription, 
Tenth edition. London; Philadelphia: Wolters Kluwer. 
Robergs, R. A. & Landwehr, R. (2002) The surprising history of the "HRmax=220-
age" equation. Journal of Exercise Physiology Online, 5(2), 1-10. 
Roberts, H. C., Denison, H. J., Martin, H. J., Patel, H. P., Syddall, H., Cooper, C. & 
Sayer, A. A. (2011) A review of the measurement of grip strength in clinical and 
epidemiological studies: towards a standardised approach. Age and Ageing, 40(4), 
423-429. 
Robinson, O. C. (2014) Sampling in interview-based qualitative research: a 
theoretical and practical guide. Qualitative Research in Psychology, 11(1), 25-41. 
Robroek, S. J., van Lenthe, F. J., van Empelen, P. & Burdorf, A. (2009) 
Determinants of participation in worksite health promotion programmes: a 
systematic review. Int J Behav Nutr Phys Act, 6, 26. 
Robson, J. (2008) Lipid modification: cardiovascular risk assessment and the 
modification of blood lipids for the primary and secondary prevention of 
cardiovascular disease. Heart, 94(10), 1331-2. 
Roche, N., Reddel, H., Martin, R., Brusselle, G., Papi, A., Thomas, M., Postma, D., 
Thomas, V., Rand, C., Chisholm, A. & Price, D. (2014) Quality standards for real-
world research. Focus on observational database studies of comparative 
effectiveness. Annals of the American Thoracic Society, 11 (2), S99-104. 
Rognmo, Ø., Hetland, E., Helgerud, J., Hoff, J. & Slørdahl, S. A. (2004) High 
intensity aerobic interval exercise is superior to moderate intensity exercise for 
increasing aerobic capacity in patients with coronary artery disease. European 
Journal of Cardiovascular Prevention and Rehabilitation, 11(3), 216-22. 
Rolstad, S., Adler, J., Ryden, A. (2011) Response burder and questionairre length: 
is shorter better? A review and meta-analysis. Value in Health, 14(8), 1101-08.  
Rongen, A., Robroek, S. J., van Lenthe, F. J. & Burdorf, A. (2013) Workplace health 
promotion: a meta-analysis of effectiveness. American Journal of Preventative 
Medicine, 44(4), 406-15. 
270 
 
Ross, R., Janssen, I., Dawson, J., Kungl, A. M., Kuk, J. L., Wong, S. L., & Hudson, 
R. (2004) Exercise‐induced reduction in obesity and insulin resistance in women: a 
randomized controlled trial. Obesity Research, 12(5), 789-798. 
 
Roy, M., Williams, S. M., Brown, R. C., Meredith-Jones, K. A., Osborne, H., Jospe, 
M. & Taylor, R. W. (2018) High-intensity interval training in the real world: outcomes 
from a 12-Month intervention in overweight adults. Medicine and Science in Sports 
and Exercise, 50(9), 1818-1826. 
Rucker, G., Schwarzer, G., Carpenter, J. R. & Schumacher, M. (2008) Undue 
reliance on I-2 in assessing heterogeneity may mislead. BMC Medical Research 
Methodology 8(1), 1-9. 
Russell, J. A., Weiss, A. & Mendelsohn, G. A. (1989) Affect Grid: A single-item scale 
of pleasure and arousal. Journal of Personality and Social Psychology, 57(3), 493-
502. 
Rzewnicki, R., Vanden Auweele, Y. & De Bourdeaudhuij, I. (2003) Addressing 
overreporting on the International Physical Activity Questionnaire (IPAQ) telephone 
survey with a population sample. Public Health Nutrition, 6(3), 299-305. 
Sabbahi, A., Arena, R., Elokda, A. and Phillips, S.A. (2016). Exercise and 
hypertension: uncovering the mechanisms of vascular control. Progress in 
Cardiovascular Diseases, 59(3), 226-234. 
Sacks, D. B., Arnold, M., Bakris, G. L., Bruns, D. E., Horvath, A. R., Kirkman, M. S., 
Lernmark, A., Metzger, B. E., Nathan, D. M., Lund, U., Diabetes och, c., Diabetes, 
Celiac, U., Lunds, u. & Sweden, E. E. i. D. R. i. (2011) Guidelines and 
recommendations for laboratory analysis in the diagnosis and management of 
diabetes mellitus. Clinical Chemistry, 57(6), e1-e47. 
Saida, T. G. R. H., Juul Sørensen, T. & Langberg, H. (2017) Long-term exercise 
adherence after public health training in at-risk adults. Annals of Physical and 
Rehabilitation Medicine, 60(4), 237-243. 
Sainani, K. L. (2018) The Problem with "Magnitude-based Inference". Medicine and 
Science in Sports and Exercise, 50(10), 2166-2176. 
Sainani, K. L., Lohse, K. R., Jones, P. R. & Vickers, A. (2019) Magnitude-based 
inference is not bayesian and is not a valid method of inference. Scandinavian 
Journal of Medicine and Science in Sports, 29, 1428–1436. 
271 
 
Salam, A., Atkins, E., Sundström, J., Hirakawa, Y., Ettehad, D., Emdin, C., Neal, B., 
Woodward, M., Chalmers, J., Berge, E., Yusuf, S., Rahimi, K. & Rodgers, A. (2019) 
Effects of blood pressure lowering on cardiovascular events, in the context of 
regression to the mean: a systematic review of randomized trials. Journal of 
Hypertension, 37(1), 16-23. 
Sallis, J. F. & Saelens, B. E. (2000) Assessment of physical activity by self-report: 
status, limitations, and future directions. Research Quarterly for Exercise and Sport, 
71 (2), 1-14. 
Salmon, P. Effects of physical exercise on anxiety, depression, and sensitivity to 
stress: a unifying theory (2001). Clinical Psychology Review, 21(1), 33–61. 
 
Saltin, B., Henriksson, J., Nygaard, E., Andersen, P., & Jansson, E. (1977) Fibre 
types and metabolic potentials of skeletal muscles in sedentary man and endurance 
runners. Annals of the New York Academy of Sciences, 301(3), 3–29. 
Samsa, G., Edelman, D., Rothman, M. L., Williams, G. R., Lipscomb, J. & Matchar, 
D. (1999) Determining clinically important differences in health status measures: a 
general approach with illustration to the Health Utilities Index Mark II. 
Pharmacoeconomics, 15(2), 141-55. 
Santo, A. S. & Golding, L. A. (2003) Predicting maximum oxygen uptake from a 
modified 3-minute step test. Research Quarterly for Exercise and Sport, 74(1), 110-
115. 
Sartor, F., Vernillo, G., De Morree, H. M., Bonomi, A. G., La Torre, A., Kubis, H.-P. 
& Veicsteinas, A. (2013) Estimation of maximal oxygen uptake via submaximal 
exercise testing in sports, clinical, and home settings. Sports Medicine, 43(9), 865-
873. 
Sarwar, N., Gao, P., Seshasai, S. R., Gobin, R., Kaptoge, S., Di Angelantonio, E., 
Ingelsson, E., Lawlor, D. A., Selvin, E., Stampfer, M., Stehouwer, C. D., Lewington, 
S., Pennells, L., Thompson, A., Sattar, N., White, I. R., Ray, K. K., Danesh, J. & 
Collaboration, E. R. F. (2010) Diabetes mellitus, fasting blood glucose 
concentration, and risk of vascular disease: a collaborative meta-analysis of 102 
prospective studies. Lancet, 375(9733), 2215-22. 
Scherr, J., Wolfarth, B., Christle, J. W., Pressler, A., Wagenpfeil, S., & Halle, M. 
(2013) Associations between Borg’s rating of perceived exertion and physiological 




Schuch, F. B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P. B., Silva, E. S., 
Hallgren, M., Ponce De Leon, A., Dunn, A. L., Deslandes, A. C., Fleck, M. P., 
Carvalho, A. F. & Stubbs, B. (2018) Physical activity and incident depression: a 
meta-analysis of prospective cohort studies. American Journal of Psychiatry, 175(7), 
631-648. 
Schulz, K. F., Chalmers, I., Hayes, R. J. & Altman, D. G. (1995) Empirical evidence 
of bias: dimensions of methodological quality associated with estimates of treatment 
effects in controlled trials. Journal of the American Medical Association, 273(5), 408-
412. 
Scott, S. N., Shepherd, S. O., Hopkins, N., Dawson, E. A., Strauss, J. A., Wright, D. 
J., Cooper, R. G., Kumar, P., Wagenmakers, A. J. M. & Cocks, M. (2019) Home-HIT 
improves muscle capillarisation and eNOS/NAD(P)Hoxidase protein ratio in obese 
individuals with elevated cardiovascular disease risk. Journal of Physiology, 597, 
4203-4225. 
Sculthorpe, N. F., Herbert, P. & Grace, F. (2017) One session of high-intensity 
interval training (HIIT) every 5 days, improves muscle power but not static balance 
in lifelong sedentary ageing men: A randomized controlled trial. Medicine 
(Baltimore), 96(6), e6040. 
Sebo, P., Beer-Borst, S., Haller, D. M. & Bovier, P. A. (2008) Reliability of doctors' 
anthropometric measurements to detect obesity. Preventive Medicine, 47(4), 389-
393. 
Seiler, S. & Kjerland, G. O. (2006) Quantifying training intensity distribution in elite 
endurance athletes: is there evidence for an "optimal" distribution? Scandinavian 
Journal of Medicine and Science in Sports, 16(1), 49-56. 
Seiler, S., Joranson, K., Olesen, B. V. & Hetlelid, K. J. (2013) Adaptations to aerobic 
interval training: interactive effects of exercise intensity and total work duration. 
Scandinavian Journal of Medicine and Science in Sports, 23(1), 74-83. 
Seiler, S. & Tønnessen, E. (2009) Intervals, thresholds, and long slow distance: the 
role of intensity and duration in endurance training. Sportscience, 13(13), 32-53. 
Sertel, M., Üçsular, F. D. & Uğurlu, Ü. (2016) The effects of worksite exercises on 
physical capabilities of workers in an industry of a developing country: A 
randomized controlled study. Isokinetics & Exercise Science, 24(3), 247-255. 
273 
 
Shephard, R. J. (1968) Intensity, duration and frequency of exercise as 
determinants of the response to a training regime. Internationale Zeitschrift für 
angewandte Physiologie einschließlich Arbeitsphysiologie, 26(3), 272-8. 
Shepherd, S. O., Wilson, O. J., Taylor, A. S., Thogersen-Ntoumani, C., Adlan, A. M., 
Wagenmakers, A. J. M. & Shaw, C. S. (2015) Low-volume high-intensity interval 
training in a gym setting improves cardio-metabolic and psychological health. PloS 
One, 10(9), e0139056. 
Shields, M., Tremblay, M. S., Connor Gorber, S. & Janssen, I. (2012) Abdominal 
obesity and cardiovascular disease risk factors within body mass index categories. 
Health Reports, 23(2), 7-15. 
Shields, M., Tremblay, M. S., Laviolette, M., Craig, C. L., Janssen, I. & Gorber, S. C. 
(2010) Fitness of Canadian adults: results from the 2007-2009 Canadian Health 
Measures Survey. Health reports, 21(1), 21-35. 
Silventoinen, K., Magnusson, P. K., Tynelius, P., Batty, G. D. & Rasmussen, F. 
(2009) Association of body size and muscle strength with incidence of coronary 
heart disease and cerebrovascular diseases: a population-based cohort study of 
one million Swedish men. International Journal of Epidemiology, 38(1), 110-8. 
Skelly, L. E., Andrews, P. C., Gillen, J. B., Martin, B. J., Percival, M. E. & Gibala, M. 
J. (2014) High-intensity interval exercise induces 24-h energy expenditure similar to 
traditional endurance exercise despite reduced time commitment. Applied 
Physiology Nutrition and Metabolism, 39(7), 845-8. 
Slade, S. C., Dionne, C. E., Underwood, M., Buchbinder, R., Beck, B., Bennell, K., 
Brosseau, L., Costa, L., Cramp, F., Cup, E. H., Feehan, L., Ferreira, M., Forbes, S., 
Glasziou, P., Habets, B., Harris, S., Hay-Smith, J., Hillier, S., Hinman, R., Holland, 
A., Honas, M., Kelly, G., Kent, P., Lauret, G. J., Long, A., Maher, C., Morso, L., 
Osteras, N., Peterson, T., Quinlivan, R., Rees, K., Regnaux, J. P., Rietberg, M., 
Saunders, D., Skoetz, N., Sogaard, K., Takken, T., Tulder, M. v., Voet, N., Ward, L. 
& White, C. (2016) Consensus on Exercise Reporting Template (CERT): Modified 
Delphi Study. Physical Therapy, 96(10), 1514-1524. 
Sloan, R. A., Sawada, S. S., Martin, C. K., Church, T. & Blair, S. N. (2009) 
Associations between cardiorespiratory fitness and health-related quality of life. 
Health Qual Life Outcomes, 7, 47. 
Sloth, M., Sloth, D., Overgaard, K. & Dalgas, U. (2013) Effects of sprint interval 
training on VO2max and aerobic exercise performance: A systematic review and 
274 
 
meta-analysis. Scandinavian Journal of Medicine and Science in Sports, 23(6), 
e341-52. 
Smith, B. & McGannon, K. R. (2018) Developing rigor in qualitative research: 
problems and opportunities within sport and exercise psychology. International 
Review of Sport and Exercise Psychology, 11(1), 101-121. 
Speake, H., Copeland, R. J., Till, S. H., Breckon, J. D., Haake, S. & Hart, O. (2016) 
Embedding physical activity in the heart of the NHS: the need for a whole-system 
approach. Sports Medicine, 46(7), 939-946. 
Stahl, S. E., An, H.-S., Dinkel, D. M., Noble, J. M. & Lee, J.-M. (2016) How accurate 
are the wrist-based heart rate monitors during walking and running activities? Are 
they accurate enough? BMJ Open Sport and Exercise Medicine, 2(1), e000106. 
Stamler, J., Vaccaro, O., Neaton, J. D. & Wentworth, D. (1993) Diabetes, other risk 
factors, and 12-yr cardiovascular mortality for men screened in the Multiple Risk 
Factor Intervention Trial. Diabetes Care, 16(2), 434-44. 
Stanaway, J., Afshin, A., Gakidou, E., Lim, S., Abate, D., Abate, K., Abbafati, C., 
Abbasi, N., Abbastabar, H., Abd-Allah, F., Abdela, J., Abdelalim, A., Abdollahpour, 
I., Abdulkader, R., Abebe, M., Abebe, Z., Abera, S., Abil, O. & GBD 2017 Risk 
Factor Collaborators (2018) Global, regional, and national comparative risk 
assessment of 84 behavioural, environmental and occupational, and metabolic risks 
or clusters of risks for 195 countries and territories, 1990-2017: a systematic 
analysis for the Global Burden of Disease Study 2017. Lancet, 392(10159), 1923-
1994. 
Stanley, D. M. & Cumming, J. (2010) Are we having fun yet? Testing the effects of 
imagery use on the affective and enjoyment responses to acute moderate exercise. 
Psychology of Sport and Exercise, 11(6), 582-590. 
Stefanick, M. L. (1999) Physical activity for preventing and treating obesity-related 
dyslipoproteinemias. Medicine and Science in Sports and Exercise, 31, S609-S618. 
 
Stein, J. H., Carlsson, C. M., Papcke-Benson, K., Einerson, J. A., McBride, P. E. & 
Wiebe, D. A. (2002) Inaccuracy of lipid measurements with the portable Cholestech 
LDX Analyzer in patients with hypercholesterolemia. Clinical Chemistry, 48(2), 284. 
Steins Bisschop, C. N., Courneya, K. S., Velthuis, M. J., Monninkhof, E. M., Jones, 
L. W., Friedenreich, C., van der Wall, E., Peeters, P. H. & May, A. M. (2015) Control 
275 
 
group design, contamination and drop-out in exercise oncology trials: a systematic 
review. PLoS One, 10(3), e0120996. 
Stöggl, T. L. & Björklund, G. (2017) High intensity interval training leads to greater 
improvements in acute heart rate recovery and anaerobic power as high volume low 
intensity training. Frontiers in Physiology, 8(562). 
Stork, M. J., Banfield, L. E., Gibala, M. J. & Martin Ginis, K. A. (2017) A scoping 
review of the psychological responses to interval exercise: is interval exercise a 
viable alternative to traditional exercise? Health Psychology Review, 11(4), 324-
344. 
Stork, M. J., Gibala, M. J. & Martin Ginis, K. A. (2018) Psychological and Behavioral 
Responses to Interval and Continuous Exercise. Medicine and Science in Sports 
and Exercise, 50(10), 2110-2121. 
Stork, M. J., Kwan, M. Y., Gibala, M. J. & Martin Ginis, K. A. (2015) Music enhances 
performance and perceived enjoyment of sprint interval exercise. Medicine and 
Science in Sports and Exercise, 47(5), 1052-60. 
Straight, C. R., Lindheimer, J. B., Brady, A. O., Dishman, R. K. & Evans, E. M. 
(2016) Effects of resistance training on lower-extremity muscle power in middle-
aged and older adults: a systematic review and meta-analysis of randomized 
controlled trials. Sports Medicine, 46(3), 353-64. 
Stubbs, B., Vancampfort, D., Hallgren, M., Firth, J., Veronese, N., Solmi, M., Brand, 
S., Cordes, J., Malchow, B., Gerber, M., Schmitt, A., Correll, C. U., De Hert, M., 
Gaughran, F., Schneider, F., Kinnafick, F., Falkai, P., Moller, H. J. & Kahl, K. G. 
(2018) EPA guidance on physical activity as a treatment for severe mental illness: a 
meta-review of the evidence and Position Statement from the European Psychiatric 
Association (EPA), supported by the International Organization of Physical 
Therapists in Mental Health (IOPTMH). European Psychiatry, 54, 124-144. 
Su, L., Fu, J., Sun, S., Zhao, G., Cheng, W., Dou, C. & Quan, M. (2019) Effects of 
HIIT and MICT on cardiovascular risk factors in adults with overweight and/or 
obesity: A meta-analysis. PLoS One, 14(1), e0210644. 
Sudman, S., & Bradburn, N. M. (1983). Asking questions: a practical guide to 




Sui, X., Laditka, J. N., Church, T. S., Hardin, J. W., Chase, N., Davis, K. & Blair, S. 
N. (2009) Prospective study of cardiorespiratory fitness and depressive symptoms 
in women and men. Journal of Psychiatric Research, 43(5), 546-52. 
Swain, D. (ed), (2013) ACSM's resource manual for guidelines for exercise testing 
and prescription, Seventh edition. Philadelphia, Pennsylvania: Lippincott Williams & 
Wilkins. 
Swift, D. L., Lavie, C. J., Johannsen, N. M., Arena, R., Earnest, C. P., O'Keefe, J. 
H., Milani, R. V., Blair, S. N. & Church, T. S. (2013) Physical activity, 
cardiorespiratory fitness, and exercise training in primary and secondary coronary 
prevention. Circulation Journal, 77(2), 281-92. 
Sykes, K. (1998) Chester step test; resource pack (Version 3), [Lecture]. Chester 
College of Higher Education, unpublished. 
Sykes, K. (2018) Chester Step Test. Occupational Medicine, 68(1), 70-71. 
Sykes, K. & Roberts, A. (2004) The Chester step test—a simple yet effective tool for 
the prediction of aerobic capacity. Physiotherapy, 90(4), 183-188. 
Takahashi, H., Yokoi, T. & Yoshika, M. (2010) Validation of the OMRON M6 AC 
(HEM-7322-E) upper arm blood pressure monitor, in oscillometry mode, for clinic 
use and self measurement in a general population, according to the European 




Tanaka, H., Monahan, K. D. & Seals, D. R. (2001) Age-predicted maximal heart rate 
revisited. Journal of the American College of Cardiology, 37(1), 153-6. 
Taylor, K. (2014) Project FFAB (Fun Fast Activity Blasts): Effect of a novel school-
based high-intensity interval training intervention on cardiometabolic risk markers 
and physical activity levels in adolescents. PhD Thesis Teesside University  
Taylor, K., Weston, M. & Batterham, A. (2015) Evaluating intervention fidelity: an 
example from a high-intensity interval training study. PLoS One, 10(4), e0125166. 
277 
 
Teh, K. C. & Aziz, A. R. (2002) Heart rate, oxygen uptake, and energy cost of 
ascending and descending the stairs. Medicine and Science in Sports and Exercise, 
34(4), 695-9. 
Tennant, R., Hiller, L., Fishwick, R., Platt, S., Joseph, S., Weich, S., Parkinson, J., 
Secker, J. & Stewart-Brown, S. (2007) The Warwick-Edinburgh Mental Well-being 
Scale (WEMWBS): development and UK validation. Health and Quality of Life 
Outcomes, 5, 63. 
Tew, G. A., Batterham, A. M., Colling, K., Gray, J., Kerr, K., Kothmann, E., Nawaz, 
S., Weston, M., Yates, D. & Danjoux, G. (2017) Randomized feasibility trial of high-
intensity interval training before elective abdominal aortic aneurysm repair. British 
Journal of Surgery, 104(13), 1791-1801. 
Thayer, R. (1996) The origin of everyday moods: Managing energy, tension and 
stress, 22. New York: Oxford University Press. 
Thompson, D., Peacock, O., Western, M. & Batterham, A. M. (2015) 
Multidimensional physical activity: an opportunity, not a problem. Exerc Sport Sci 
Rev, 43(2), 67-74. 
Thompson, P. D. (1996) The cardiovascular complications of vigorous physical 
activity. Archives of Internal Medicine, 156(20), 2297-302. 
Thompson, P. D., Franklin, B. A., Balady, G. J., Blair, S. N., Corrado, D., Estes, N. 
A., 3rd, Fulton, J. E., Gordon, N. F., Haskell, W. L., Link, M. S., Maron, B. J., 
Mittleman, M. A., Pelliccia, A., Wenger, N. K., Willich, S. N. & Costa, F. (2007) 
Exercise and acute cardiovascular events placing the risks into perspective: a 
scientific statement from the American Heart Association Council on Nutrition, 
Physical Activity, and Metabolism and the Council on Clinical Cardiology. 
Circulation, 115(17), 2358-68. 
Thum, J. S., Parsons, G., Whittle, T. & Astorino, T. A. (2017) High-intensity interval 
training elicits higher enjoyment than moderate intensity continuous exercise. PloS 
One, 12(1), e0166299-e0166299. 
Tiainen, K., Sipilä, S., Kauppinen, M., Kaprio, J. & Rantanen, T. (2009) Genetic and 
environmental effects on isometric muscle strength and leg extensor power followed 




To, Q. G., Chen, T. T., Magnussen, C. G. & To, K. G. (2013) Workplace physical 
activity interventions: a systematic review. American Journal of Health Promotion, 
27(6), e113-23. 
Toledo, F. G., Menshikova, E. V., Ritov, V. B., Azuma, K., Radikova, Z., DeLany, J., 
& Kelley, D. E. (2007) Effects of physical activity and weight loss on skeletal muscle 
mitochondria and relationship with glucose control in type 2 diabetes. Diabetes, 
56(8), 2142-2147. 
 
Tong, A., Sainsbury, P. & Craig, J. (2007) Consolidated criteria for reporting 
qualitative research (COREQ): a 32-item checklist for interviews and focus groups. 
International Journal for Quality in Health Care, 19(6), 349-57. 
Trapp, E. G., Chisholm, D. J., Freund, J. & Boutcher, S. H. (2008) The effects of 
high-intensity intermittent exercise training on fat loss and fasting insulin levels of 
young women. International Journal of Obesity, 32(4), 684-91. 
Tremblay, A., Simoneau, J. A. & Bouchard, C. (1994) Impact of exercise intensity on 
body fatness and skeletal muscle metabolism. Metabolism, 43(7), 814-8. 
Troiano, R. P., Berrigan, D., Dodd, K. W., Mâsse, L. C., Tilert, T. & McDowell, M. 
(2008) Physical activity in the United States measured by accelerometer. Medicine 
and Science in Sports and Exercise, 40(1), 181-8. 
Trost, S. G., Owen, N., Bauman, A. E., Sallis, J. F. & Brown, W. (2002) Correlates 
of adults' participation in physical activity: review and update. Medicine and Science 
in Sports and Exercise, 34(12), 1996-2001. 
Umpierre, D., Ribeiro, P. A., Schaan, B. D. & Ribeiro, J. P. (2013) Volume of 
supervised exercise training impacts glycaemic control in patients with type 2 
diabetes: a systematic review with meta-regression analysis. Diabetologia, 56(2), 
242-51. 
US Department of Health and Human Services (2008) 2008 Physical Activity 
Guidelines for Americans.  Washington, DC: US Department of Health and Human 
Services,. 
Váczi, M., Tollár, J., Meszler, B., Juhász, I. & Karsai, I. (2013) Short-term high 
intensity plyometric training program improves strength, power and agility in male 
soccer players. Journal of Human Kinetics, 36(1), 17-26. 
279 
 
Van Gaal, L. F., Mertens, I. L. & Christophe, E. (2006) Mechanisms linking obesity 
with cardiovascular disease. Nature, 444(7121), 875. 
van Rijn, R. M., Robroek, S. J. W., Brouwer, S. & Burdorf, A. (2014) Influence of 
poor health on exit from paid employment: a systematic review. Occupational and 
Environmental Medicine, 71(4), 295. 
Vella, C. A., Taylor, K. & Drummer, D. (2017) High-intensity interval and moderate-
intensity continuous training elicit similar enjoyment and adherence levels in 
overweight and obese adults. European Journal of Sport Science, 17(9), 1203-
1211. 
Verhagen, A. P., de Vet, H. C., de Bie, R. A., Boers, M. & van den Brandt, P. A. 
(2001) The art of quality assessment of RCTs included in systematic reviews. 
Journal of Clinical Epidemiology, 54(7), 651-4. 
Verweij, L. M., Terwee, C. B., Proper, K. I., Hulshof, C. T. J. & van Mechelen, W. 
(2013) Measurement error of waist circumference: gaps in knowledge. Public Health 
Nutrition, 16(2), 281-288. 
Vetrovsky, T., Steffl, M., Stastny, P. & Tufano, J. J. (2019) The efficacy and safety 
of lower-limb plyometric training in older adults: a systematic review. Sports 
Medicine, 49(1), 113-131. 
Viana, R. B., Naves, J. P. A., Coswig, V. S., de Lira, C. A. B., Steele, J., Fisher, J. 
P. & Gentil, P. (2019) Is interval training the magic bullet for fat loss? A systematic 
review and meta-analysis comparing moderate-intensity continuous training with 
high-intensity interval training (HIIT). British Journal of Sports Medicine, 53(10), 655-
664. 
Vickers, A. J. (2005) Analysis of variance is easily misapplied in the analysis of 
randomized trials: a critique and discussion of alternative statistical approaches. 
Psychosomatic Medicine, 67(4), 652-5. 
Virtanen, M., Ervasti, J., Head, J., Oksanen, T., Salo, P., Pentti, J., Kouvonen, A., 
Väänänen, A., Suominen, S., Koskenvuo, M., Vahtera, J., Elovainio, M., Zins, M., 
Goldberg, M. & Kivimäki, M. (2018) Lifestyle factors and risk of sickness absence 
from work: a multicohort study. Lancet Public Health, 3(11), e545-e554. 
Vissers, D., Hens, W., Taeymans, J., Baeyens, J.-P., Poortmans, J. & Van Gaal, L. 
(2013) The effect of exercise on visceral adipose tissue in overweight adults: a 
systematic review and meta-Analysis. PLoS One, 8(2), e56415. 
280 
 
Vollaard, N. B. J. & Metcalfe, R. S. (2017) Research into the health benefits of sprint 
interval training should focus on protocols with fewer and shorter sprints. Sports 
Medicine, 47(12), 2443-2451. 
Vollaard, N. B. J., Metcalfe, R. S. & Williams, S. (2017) Effect of number of sprints in 
an SIT session on change in VO2max: a meta-analysis. Medicine and Science in 
Sports and Exercise, 49(6), 1147-1156. 
Von Thiele Schwarz, U. & Lindfors, P. (2015) Improved fitness after a workbased 
physical exercise program. International Journal of Workplace Health Management, 
8(1), 61-74. 
Wahid, A., Manek, N., Nichols, M., Kelly, P., Foster, C., Webster, P., Kaur, A., 
Friedemann Smith, C., Wilkins, E., Rayner, M., Roberts, N. & Scarborough, P. 
(2016) Quantifying the association between physical activity and cardiovascular 
disease and diabetes: a systematic review and meta‐analysis. Journal of the 
American Heart Association, 5(9), e002495. 
Wang, Y. & Xu, D. (2017) Effects of aerobic exercise on lipids and lipoproteins. 
Lipids in Health and Disease, 16(1), 132. 
Ware, J. E. & Sherbourne, C. D. (1992) The MOS 36-item short-form health survey 
(SF-36). I. Conceptual framework and item selection. Medical Care, 30(6), 473-83. 
Ware, J. J., Kosinski, M. & Gandek, B. (2002) SF-36 Health Survey: Manual and 
Interpretation Guide. Lincoln, RI: QualityMetric Inc. 
Warnick, G. R. & Nakajima, K. (2008) Fasting versus Nonfasting Triglycerides: 
Implications for Laboratory Measurements. Clinical Chemistry, 54(1), 14. 
Wasserstein, R. L. & Lazar, N. A. (2016) The ASA’s statement on p-values: context, 
process, and purpose. The American Statistician, 70(2), 129-133. 
Waters, L. A., Galichet, B., Owen, N. & Eakin, E. (2011) Who participates in 
physical activity intervention trials? Journal of Physical Activity and Health, 8(1), 85-
103. 
Watson, D., Clark, L. A. & Tellegen, A. (1988) Development and validation of brief 
measures of positive and negative affect: the PANAS scales. Journal of Personality 
and Social Psychology, 54(6), 1063-70. 
281 
 
Wesseling, K. H., Jansen, J. R., Settels, J. J. & Schreuder, J. J. (1993) Computation 
of aortic flow from pressure in humans using a nonlinear, three-element model. 
Journal of Applied Physiology, 74(5), 2566-73. 
Weston, K. L., Azevedo, L. B., Bock, S., Weston, M., George, K. P. & Batterham, A. 
M. (2016a) Effect of novel, school-based high-intensity interval training (HIT) on 
cardiometabolic health in adolescents: Project FFAB (Fun Fast Activity Blasts) - an 
exploratory controlled before-and-after trial. PLoS One, 11(8), e0159116. 
Weston, K. S., Wisløff, U. & Coombes, J. S. (2014a) High-intensity interval training 
in patients with lifestyle-induced cardiometabolic disease: a systematic review and 
meta-analysis. British Journal of Sports Medicine, 48(16), 1227-34. 
Weston, M., Helsen, W., MacMahon, C. & Kirkendall, D. (2004) The impact of 
specific high-intensity training sessions on football referees' fitness levels. American 
Journal of Sports Medicine, 32(1 Suppl), 54S-61S. 
Weston, M., Taylor, K. L., Batterham, A. M. & Hopkins, W. G. (2014b) Effects of 
low-volume high-intensity interval training (HIT) on fitness in adults: a meta-analysis 
of controlled and non-controlled trials. Sports Medicine, 44(7), 1005-17. 
Weston, M., Weston, K. L., Prentis, J. M. & Snowden, C. P. (2016b) High-intensity 
interval training (HIT) for effective and time-efficient pre-surgical exercise 
interventions. Perioperative Medicine, 5(2), 1-9. 
Wewege, M., van den Berg, R., Ward, R. E. & Keech, A. (2017) The effects of high-
intensity interval training vs. moderate-intensity continuous training on body 
composition in overweight and obese adults: a systematic review and meta-
analysis. Obesity Reviews, 18(6), 635-646. 
Weykamp, C., John, W. G., Mosca, A., Hoshino, T., Little, R., Jeppsson, J.-O., 
Goodall, I., Miedema, K., Myers, G., Reinauer, H., Sacks, D. B., Slingerland, R. & 
Siebelder, C. (2008) The IFCC Reference Measurement System for HbA1c: A 6-
Year Progress Report. Clinical Chemistry, 54(2), 240-248. 
Whelton, S. P., Chin, A., Xin, X. & He, J. (2002) Effect of aerobic exercise on blood 
pressure: a meta-analysis of randomized, controlled trials, Database of Abstracts of 
Reviews of Effects (DARE): Quality-assessed Reviews [Internet]Centre for Reviews 
and Dissemination (UK). 
282 
 
Whyte, L. J., Gill, J. M. & Cathcart, A. J. (2010) Effect of 2 weeks of sprint interval 
training on health-related outcomes in sedentary overweight/obese men. 
Metabolism, 59(10), 1421-8. 
Wilkins, E., Wilson, L., Wickramasinghe, K., Bhatnagar, P., Leal, J., Luengo-
Fernandez, R., Burns, R., Rayner, M. & Townsend, N. (2017) European 
Cardiovascular Disease Statistics 2017.  Brussels: European Heart Network. 
Williams, B., Mancia, G., Spiering, W., Agabiti Rosei, E., Azizi, M., Burnier, M., 
Clement, D. L., Coca, A., de Simone, G., Dominiczak, A., Kahan, T., Mahfoud, F., 
Redon, J., Ruilope, L., Zanchetti, A., Kerins, M., Kjeldsen, S. E., Kreutz, R., Laurent, 
S., Lip, G. Y. H., McManus, R., Narkiewicz, K., Ruschitzka, F., Schmieder, R. E., 
Shlyakhto, E., Tsioufis, C., Aboyans, V. & Desormais, I. (2018) 2018 ESC/ESH 
Guidelines for the management of arterial hypertension. European Heart Journal, 
39(33), 3021-3104. 
Williams, C. B., Zelt, J. G., Castellani, L. N., Little, J. P., Jung, M. E., Wright, D. C., 
& Gurd, B. J. (2013) Changes in mechanisms proposed to mediate fat loss following 
an acute bout of high-intensity interval and endurance exercise. Applied Physiology, 
Nutrition, and Metabolism, 38(12), 1236-1244. 
Winter, E. M., Abt, G. A. & Nevill, A. M. (2014) Metrics of meaningfulness as 
opposed to sleights of significance. Journal of Sports Sciences, 32(10), 901-902. 
Wisløff, U., Støylen, A., Loennechen, J. P., Bruvold, M., Rognmo, Ø., Haram, P. M., 
Tjønna, A. E., Helgerud, J., Slørdahl, S. A., Lee, S. J., Videm, V., Bye, A., Smith, G. 
L., Najjar, S. M., Ellingsen, Ø. & Skjaerpe, T. (2007) Superior cardiovascular effect 
of aerobic interval training versus moderate continuous training in heart failure 
patients: a randomized study. Circulation, 115(24), 3086-94. 
Wood, K. M., Olive, B., LaValle, K., Thompson, H., Greer, K. & Astorino, T. A. 
(2015) Effects of two regimens of high intensity interval training (HIT) on acute 
physiological and perceptual responses. Medicine & Science in Sports & Exercise, 
47(5), 131-132. 
World Health Organization (2000) Obesity: preventing and managing a global 
epidemic.  Geneva: World Health Organization,. 
World Health Organization (2001) The World Health Report 2001. Mental Health: 
New understanding, new hope.  Geneva: World Health Organization. 
283 
 
World Health Organization (2006) Definition and diagnosis of diabetes mellitus and 
intermediate hyperglycemia: report of a WHO/IDF consultation.  Geneva: World 
Health Organization. 
World Health Organization (2007) The workplace as a setting for interventions to 
improve diet and promote physical activity. Geneva: World Health Organization. 
World Health Organization (2010) Global recommendations on physical activity for 
health. Geneva: World Health Organization. 
World Health Organization (2017) Constitution of WHO: Principles.  Geneva: World 
Health Organization. 
World Health Organization (2018) WHO Mortality Database, 2018. Available online: 
http://apps.who.int/healthinfo/statistics/mortality/whodpms/ [Accessed 20.08.2019]. 
World Health Organization (2003) 2003 World Health Organization 
(WHO)/International Society of Hypertension (ISH) statement on management of 
hypertension. Journal of Hypertension, 21(11), 1983-1992. 
Zinn, C. & Schofield, G. (2012) Using formative work to enhance a workplace weight 
loss maintenance intervention: Balancing what employees want and what they 
need: Workplace weight loss maintenance. Nutrition & Dietetics, 69(4), 265-271. 
Zoladz, J. A., Duda, K. & Majerczak, J. (1998) Oxygen uptake does not increase 
linearly at high power outputs during incremental exercise test in humans. European 






Appendix A  
 
 
Employee Participant Information Sheet from Study Two (formative 
evaluation) 
 
Employee views and opinions of workplace physical activity 
and exercise  
Participant Information Sheet  
 
Miss Naomi Burn, Dr Kathryn Weston, Professor Greg Atkinson, Dr Matthew Weston and Mr 
Neil Maguire 
 
You are being invited to take part in a research study examining your views and opinions of 
workplace physical activity and exercise. Before you decide whether or not you wish to 
participate, it is important that you understand why the study is being conducted and what it 
will involve. Please take time to read the following information carefully. Ask us if anything is 
not clear or if you would like more information. Take time to decide whether or not you wish to 
take part.  
 
What is the purpose of the study? 
In recent years there has been an interest in the scientific community surrounding workplace 
physical activity and exercise programmes. However little is known about what people think 
about engaging in physical activity and exercise in the workplace. Therefore we would like to 
ask employees within your organisation their views and opinions about physical activity and 
exercise in the workplace. The purpose of this study is, in part, fulfilment of the PhD award of 
Naomi Burn from Teesside University. 
 
Why have I been asked to take part? 
You are eligible to take part in this study if you are an adult aged 18+ and are a non-
management employee of organisation. Non-management means that you do not consider 
yourself to be part of the senior management team of your organisation. Management views 
will be collected separately to the employee focus group interviews.  
 
Do I have to take part? 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. Your 
employment or working conditions will not be impacted by this decision. If you do decide to 
take part you will be asked to indicate your consent to participate by reading and signing a 
consent form. You will not be able to participate in this study if you do not understand and 
speak English. You can choose to abstain from answering any of the questions asked during 
the focus group interview, if you decide to take part. Because the interview will take place at 
your workplace, during work hours, other people may be aware that you have taken part in 
the focus group interviews. Therefore although your choice to participate will not be 
confidential, your responses to the questions will be confidential. Additionally, if you decide to 
participate in this study you are in no way expressing interest or consent to participate in any 
exercise programme that may be developed as part of this study.  
 
What will my participation involve? 
If you agree to take part in the study, you will be asked to indicate your consent to participate 
by a reading and signing a consent form. Taking part in this study will involve participating in 
a one-off focus group interview with a PhD student researcher from Teesside University and 
between 4-7 other colleagues from your workplace. The focus group will be conducted at your 
workplace (during normal working hours) at a time convenient to all focus group participants 
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and the researcher, at some point between June and September 2017. The focus group 
interview will be audio recorded and then transcribed afterwards. When deciding if you want 
to take part, or not, please consider that as the Focus Groups will take place at your workplace 
during working hours, you will have to seek permission from your line manager to attend. As 
a result, you choice will not be confidential. 
 
What if something goes wrong? 
If you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Alasdair MacSween, 
details below. 
 
Is the study suitably covered for insurance purposes? 
Through its School of Health and Social Care, Teesside University has agreed to act as a 
sponsor for the proposed study and suitable insurance cover is in place.  
 
What if I change my mind about participating in the study? 
You are free to withdraw from the study at any point before or during the focus group interview 
without giving a reason. Unfortunately due to the nature of focus group interviews, you will not 
be able to withdraw your responses after the focus group interview has been conducted. This 
is because we will not be able to reliably identify all of your responses from an audio recording 
of the focus group interview.   
 
Informed consent and confidentiality 
Taking part is entirely voluntary, is up to you to decide if you want to take part or not. If you do 
decide to take part you will be asked to indicate your consent to participate by a reading and 
signing a consent form before the focus group interview.  
 
All information which is collected about you during the course of the study, will be kept strictly 
confidential. Any personally identifiable statements made during the focus group interviews 
will be anonymised during transcription. You will not be identified in any publication or report 
from this research study. As the focus groups will take place at your workplace during working 
hours, your choice will not be confidential.  
 
All information collected will be stored securely in a locked filing cabinet for the length of the 
project, and/or stored electronically on password protected computers at Teesside University. 
After the project is completed all the study materials and information will be stored securely 
by Teesside University for a minimum of 20 years and anonymised data may be used for 
future study (what is called secondary analysis) but only in research projects that have 
received ethical approval from an appropriate committee. 
 
 
What are the possible benefits of taking part? 
There are no direct benefits to you for participating in this study. The information gained from 
this study may be used to plan a workplace exercise intervention that will be feasible in your 
workplace. By participating you will help the researchers to design an exercise programme 
that may be offered to employees in your workplace.  
 
What are the possible risks or disadvantages of taking part?  
Possible risks or disadvantages are minimal. You can choose to abstain from answering any 
of the questions asked during the focus group interview. The views of management 
representatives from your organisation will be collected in separate interviews, to minimise 
any embarrassment you may feel discussing your workplace in the presence of management 
staff. Because the focus groups will take place at your workplace during working hours, your 
choice to participate will not be confidential. Other people in your organisation may know that 
you have chosen to participate in this study.  
 
Will I be informed of the results of the research study? 
Individualised feedback cannot be provided from this study. Upon your request we will be 




What will happen to the results of the study? 
The full results of this study will inform the written thesis of a Graduate Research student as 
part of the requirements of a PhD award from Teesside University. The results will be used to 
inform the development of a workplace exercise programme. The results may also be 
published in an academic journal. You will not be identifiable in any form of publication from 
this research study.  
 
Who is organising the study?   
The School of Health and Social Care at Teesside University.  
 
Who has reviewed the study?  
Teesside University, School of Health and Social Care Research Governance and Ethics 
Committee has reviewed this study.                                                                                             
                                                                                             
Thank you for reading through this information.  
 





School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 384126 
: n.burn@tees.ac.uk 
 
Professor Greg Atkinson 
Professor of Health Sciences and Biostatistics Research 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 342758 
: g.atkinson@tees.ac.uk 
 
If you wish to speak with someone who is knowledgeable about the study but not directly 
involved in it, or if have any complaints or comments you may contact:  
 
Alasdair MacSween Ph.D B.Sc.(Hons) MCSP 
Chair of School of Health & Social Care Research Governance and Ethics Committee 
School of Health & Social Care  
Teesside University 
Middlesbrough, TS1 3BA  






Appendix B  
 
Management Participant Information Sheet from Study Two (formative 
evaluation) 
 
Organisational views and opinions of workplace physical activity and exercise  
Participant Information Sheet  
 
Miss Naomi Burn, Dr Kathryn Weston, Professor Greg Atkinson, Dr Matthew Weston and Mr 
Neil Maguire 
 
You are being invited to take part in a research study examining your organisations views and 
opinions of physical activity or exercise in the workplace. It is important that you understand 
why the study is being conducted and what it will involve. Please take time to read the following 
information carefully. Ask us if anything is not clear or if you would like more information. Take 
time to decide whether or not you wish to take part.  
 
What is the purpose of the study? 
In recent years there has been an interest in the scientific community surrounding workplace 
physical activity and exercise programmes. However little is known about what people think 
about engaging in physical activity and exercise in the workplace. Therefore we would like to 
ask employees within your organisation their views and opinions about physical activity and 
exercise in the workplace. The purpose of this study is, in part fulfilment of the PhD award of 
Naomi Burn from Teesside University.  
 
Why have I been asked to take part? 
You are eligible to take part in this study if you are an adult aged 18+ and are a 
management representative (either Management or Human Resources representative) of 
(insert name of organisation as appropriate). You are a management representative if you 
consider yourself to be a member of the senior management team of your organisation. 
Employee views will be collected separately in focus group interviews.  
 
Do I have to take part? 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. Your 
employment or working conditions will not be impacted by this decision. If you do decide to 
take part you will be asked to indicate your consent to participate by a reading and signing a 
consent form. You will not be able to participate in this study if you do not understand and 
speak English. You can choose to abstain from answering any of the questions asked during 
the focus group, if you decide to participate. Because the interview will take place at your 
workplace, during work hours, other people may be aware that you have taken part in the 
focus group interviews. Therefore although your choice to participate will not be confidential, 
your responses to the questions will be confidential. Additionally, if you decide to participate 
in this study you are in no way expressing interest or consent to participate in any exercise 
programme that may be developed as part of this study 
 
What will my participation involve? 
If you agree to take part in the study, you will be asked to indicate your consent to participate 
by a reading and signing a consent form. You will then be invited to attend a one-off focus 
group with two researchers from Teesside University (Naomi Burn, PhD Researcher and Neil 
Maguire, Graduate Tutor) and between 4-7 other management representatives from your 
organisation. The focus group will be conducted at your workplace (during normal working 
hours), at a time convenient to you and the researchers at some point between June and 
September 2017. When deciding if you want to take part, or not, please consider that as the 
Focus Groups will take place at your workplace during working hours, you will have to seek 
permission from your line manager to attend. As a result, you choice will not be confidential. 





What if something goes wrong? 
If you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Alasdair MacSween, 
details below. 
 
Is the study suitably covered for insurance purposes? 
Through its School of Health and Social Care, Teesside University has agreed to act as a 
sponsor for the proposed study and suitable insurance cover is in place.  
 
What if I change my mind about participating in the study? 
You are free to withdraw from the study at any point during the focus group without giving a 
reason. Due to the nature of focus group interviews, you will be unable to withdraw your 
responses after the focus group has ended.   
 
Informed consent and confidentiality 
Taking part is entirely voluntary, is up to you to decide if you want to take part or not. If you do 
decide to take part you will be asked to indicate your consent to participate by a reading and 
signing a consent form before the interview.  
 
All information which is collected about you during the course of the study, will be kept strictly 
confidential. Any personally identifiable statements made during the interview will be 
anonymised during transcription. You will not be identified in any publication or report from 
this research study. As the interviews will take place at your workplace during working hours, 
your choice to participate will not be confidential. 
 
All information collected will be stored securely in a locked filing cabinet for the length of the 
project, and/or stored electronically on password protected computers at Teesside University. 
After the project is completed all the study materials and information will be stored securely 
by Teesside University for a minimum of 20 years and anonymised data may be used for 
future study (what is called secondary analysis) but only in research projects that have 
received ethical approval from an appropriate committee. 
 
What are the possible benefits of taking part? 
There are no direct benefits to you for participating in this study. The information gained from 
this study will be used to plan a workplace exercise intervention that will be feasible in your 
organisation. By participating you may help the researchers to design an exercise programme 
that could be offered to employees within your organisation, should the organisation wish to 
do so. If you choose to participate in this study, you are not required to participate in any 
exercise programme that may be offered to employees in your workplace in the future.  
 
What are the possible risks or disadvantages of taking part?  
Possible risks or disadvantages are minimal. You can choose to abstain from answering any 
of the questions asked during the interview. Because the focus groups will take place at your 
workplace during working hours, your choice to participate will not be confidential. Other 
people in your organisation may know that you have chosen to participate in this study 
 
Will I be informed of the results of the research study? 
Individualised feedback cannot be provided from this study. Upon your request we will be 
happy to provide you with a summary of the research findings, when analysis is complete.  
 
What will happen to the results of the study? 
The full results of this study will inform the written thesis of a Graduate Research student as 
part of the requirements of a PhD award Teesside University. The results will be used to inform 
the development of a workplace exercise programme. The results may also be published in 
an academic journal. You will not be identifiable in any form of publication from this research.  
 
Who is organising the study?   
The School of Health and Social Care at Teesside University.  
 
Who has reviewed the study?  
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Teesside University, School of Health and Social Care Research Governance and Ethics 
Committee has reviewed this study.                                                                                             
                                                                                             
Thank you for reading through this information.  
 





School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 384126 
: n.burn@tees.ac.uk 
 
Professor Greg Atkinson 
Professor of Health Sciences and Biostatistics Research 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 342758 
: g.atkinson@tees.ac.uk 
 
If you wish to speak with someone who is knowledgeable about the study but not directly 
involved in it, or if have any complaints or comments you may contact:  
 
Alasdair MacSween Ph.D B.Sc.(Hons) MCSP 
Chair of School of Health & Social Care Research Governance and Ethics Committee 
School of Health & Social Care  
Teesside University 
Middlesbrough, TS1 3BA  







Employee focus group interview schedule 
Employee Focus Group Interview Schedule  
Question Prompt Justification 
Introduction   
Researcher introduces herself 
and moderator and 
summarises the purpose of the 
focus group interview (to 
explore employee views and 
opinions of a workplace 
exercise programme). Explain 
“rules” of the focus group: there 
are no right or wrong answers, 
please respect everyone’s 
opinions, don’t talk over each 
other for the recording, but 
discussion amongst the group 
is encouraged.   
Q1. Tell us your name and your 
job role within your 
organisation and how long you 
have been working here. 




participants by their 
name, and that 
participants are 
familiar with each 
other in the group. 
Notes: 
 
Part 1- exercise and workplace exercise  
Q2. Describe what physical 
activity or exercise means to 
you. 
Q3. Describe what experiences 
have you had of physical 








discussion on the 
topic of physical 
activity/ exercise  
Notes: 
 
Q4. Do you have experiences 
of physical activity/ exercise 
being encouraged or offered in 
your workplace, either past or 
present?  
Q5. Describe these 
experiences. 
Did you participate/ 
not participate?  
Did you change 
behaviour? Why/ 
why not?  
Positive/ negative 
experience?  







Q6. What do you think about 
physical activity or exercise 
What could 
employees gain/ 





being offered to employees in a 
workplace?  




lose if exercise was 
offered to 
employees in the 
workplace?  
workplace exercise 





In your workplace, what do you 
think are the barriers to 
participating in a workplace 
exercise programme in your 
workplace? 
Rephrase: what would make it 
difficult for you to exercise in 
your workplace? 
 










space available to 
conduct the 




level of colleague 
participation? 
Explores feasibility 






In your workplace, what do you 
think are facilitators to 
participating in a workplace 
exercise programme?  
Rephrase: what would make it 
easy for you to exercise in your 
workplace? 
 










space available to 
conduct the 
















Part 2- Attitudes/ beliefs/ 
opinions of  HIT 
Introduce HIT as a 
form of exercise- 
very briefly  
 
Q9. What do you know about 
high-intensity interval training? 
 Attitudes/ opinions/ 
beliefs on HIT 
Notes: 
 
Q10. Does anyone have any 
previous experience with HIT? 
Researcher to 







Q11. Given our definition of 
HIT, describe your thoughts on 
HIT 
 Attitudes/ opinions/ 





Q12. Given our definition of 
HIT, is this a form of exercise 
that you would consider 
participating in? 
Why/ why not? Acceptability of HIT 
Notes:  
 
Part 3- Attitudes/ beliefs/ 
opinions of workplace 
exercise- individual thoughts 
Researcher to 
explain the outline 




minutes, 3 times per 
week of high-
intensity interval 
training that is 
tailored to individual 
fitness levels in the 
workplace or very 
near the workplace.  
To be able to 
discuss opinions/ 
beliefs and 




participants need to 
understand what 
the programme 
would entail  
Q13. What types of exercises 
do you think you would like/ 
dislike in a workplace exercise 
programme to include?  
Researcher to give 
examples of a few 
HIT exercises if they 
are struggling.  
Acceptability of HIT 
Notes:  
 
Q14. What time of day do you 
think the exercises should be 
done at? 
Before work/ after 
work/ lunchtime 
during work time? 






Q15. What do you think about 
the length of the exercise 
sessions? 
Too long/ short? 
Why? 




Q16. What do you think about 
the frequency of exercise 
sessions? 
Too frequent/ not 
frequent enough? 
Why? 




Q17. Where in your workplace 
could the exercises be 
conducted? 




Q18. Should the exercises be 
conducted in groups or 
individual? 




Q19. What outcome measures 
would you be interested to 
know might have changed as 




Fitness- 4 weeks 
Blood outcomes- 10 
weeks 




Q20. If this exercise 
programme was offered to you 
in your workplace, would you 
consider participating? 
Why/ why not? 
What could the 
team designing the 
programme do to 
make you want to 
participate- 
incentives? 
Acceptability of HIT 
in the workplace 
Notes: 
Closing remarks   
Thank you for your time, your 
opinions are very valuable to 
the research project.  
Q21. Before we finish, is there 
anything else that we haven’t 
covered today that you think is 










Management Interview schedule  
 
Management/ HR representative interview schedule  
Question Prompt Justification 
Part 1- workplace exercise    
Q1. Can you tell me about the 
number of employees that you 
have in your organisation and 
the types of job roles  
Blue/ white collar 
workers? 
Full time/ part time? 
All based in one site 






number of sites to 
know how an 
intervention could 
be developed in 
this organisation.  
Notes:  
Q2. Has your organisation ever 
offered or promoted physical 
activity/ exercise to 
employees?  
 
How was the 
experience for the 
organisation?  
% Uptake? 







Q3. What do you expect the 
impact of an exercise 
programme offered in the 
workplace to be? 
 
Q4. How would organization 







pertinent to the 
organisation 
Notes: 
Part 2- Organisational 
perspectives of workplace 
exercise 
Researcher to 
explain the exercise 
programme. 
Between 10-30 
minutes, 3 times per 
week of high-
intensity interval 
training that is 
tailored to individual 
fitness levels in the 
workplace or very 
near the workplace. 
 
Q5. Do you think your 
organisation would consider 
giving employees between 10-




30 minutes on 3 days per week 
of paid working time to 
participate in this programme? 
Notes: 
Q6. What do you think about 
length of the exercise 
sessions? 
Too long/ short? 
Why? 
Feasibility in their 
workplace 
Notes:  
Q7. What time of day do you 
think the exercises should be 
done at? 
Before work/ after 
work/ lunchtime 
during work time? 
Feasibility in their 
workplace 
Notes: 
Q8. What do you think about 
the frequency of exercise 
sessions? 
Too frequent/ not 
frequent enough? 
Why? 
Feasibility in their 
workplace 
Notes: 
Q9. Where in your workplace 
do you think the exercises be 
conducted? 
Why? Feasibility in their 
workplace 
Notes: 
Q10. Do you think the exercises 
should be conducted in groups 
or individually? 
Why? Feasibility in their 
workplace 
Notes: 
Part 3- Feasibility of 
workplace exercise in the 
organisation/ workplace 
  
Q11. Do you foresee any 
barriers to participation in 
workplace exercise? 
 




support for the 
exercise programme.  
Physical 
environment- a 
space available to 
conduct the exercise, 
timing of the exercise 
sessions 
Social environment- 




Q12. Do you foresee any 
facilitators to participation in 
workplace exercise? 
Q13. What do you think would 
encourage staff to participate in 
workplace exercise? 







Closing remarks   
Thank you for your time, your 
opinions are very valuable to 
the research project.  
Q14. Before we finish, is there 
anything else that we haven’t 
covered today that you think is 








Appendix E  
Participant Information Sheet for Study Three 
Heart rate and feelings during high intensity exercise 
 
Participant Information Sheet  
 
Miss Naomi Burn, Dr Kathryn Weston, Professor Greg Atkinson, Dr Matthew Weston and Mr 
Neil Maguire 
 
You are being invited to take part in a research study investigating if novel forms of exercise 
can be used as a form of high-intensity interval exercise. Before you decide whether or not 
you wish to participate, it is important that you understand why the study is being conducted 
and what it will involve. Please take time to read the following information carefully. Ask us if 
anything is not clear or if you would like more information. Take time to decide whether or not 
you wish to take part.  
 
What is the purpose of the study? 
In recent years there has been an interest in the scientific community surrounding a form of 
exercise called high-intensity interval training (or HIT for short). However most research 
studies use stationary cycling as the form of exercise. We asked employees from 
organisations in Teesside what types of exercise they might like to participate in, and based 
on this we would like to see if these novel forms of exercise can be used as part of a HIT 
exercise session. The purpose of this study is, in part, fulfilment of the PhD award of Naomi 
Burn from Teesside University 
 
Why have I been asked to take part? 
You have been asked to take part in this study because you are an employee of (insert 
name of organisation as appropriate). To participate in the present study, you must be 
healthy and aged 18 or older.  Importantly, you are not eligible if you:  
 have any diagnosis or symptoms of cardiovascular or metabolic diseases (e.g. heart 
disease, diabetes) 
 have an injury requiring alterations of the established exercise protocol 
 are physically unable to complete the intervention 
 have been advised by a health professional to avoid physical exercise or activity 
 are pregnant or might be pregnant 
 cannot understand or speak English  
Do I have to take part? 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. Your 
employment or working conditions will not be impacted by this decision. If you do decide to 
take part you will be asked to indicate your consent to participate by a reading and signing a 
consent form.  
 
What will my participation involve? 
If you agree to take part in the study, you will be asked to indicate your consent to participate 
by a reading and signing a consent form. You will be invited to attend four exercise sessions 
taking place at the Exercise Physiology Laboratory in the Olympia Building/Constantine 
Building at Teesside University. The sessions will take 45 minutes, and the exercise will last 
for 14 minutes. 
 
For each session we request that you: 
 Wear comfortable, loose fitting clothing and sensible footwear  
 Arrive well rested and drink plenty of fluids in the 24 hours before 
 Avoid eating a heavy meal or drinking alcohol and caffeine for 3 hours before  






At the first session, we will check your responses to the attached Physical Activity Readiness 
Questionnaire to ensure that you may take part. Please read the Physical Activity Readiness 
Questionnaire before deciding if you would like to participate. Once it has been confirmed that 
there are no medical conditions precluding your participation in the research project, you will 
be asked to read and sign an informed consent form. We will then collect information on your 
age, sex, height, weight, blood pressure and habitual physical activity. This information will be 
collected in a private area and recorded anonymously.  
 
We will then introduce you to the three forms of exercise that will be conducted in sessions 2-
4, there is more detailed information on each of the exercises below. We will teach you the 
correct technique for the exercises and you will have the opportunity to practice each of the 
exercise forms.  
Session 2-4 
In each of the following sessions you will complete three different forms of exercise (stair 
stepping, stair climbing and non-contract boxing). Before you start the exercise we will 
measure your blood pressure, after 10 minutes of seated rest. 
 
Stair stepping involves stepping onto and off a Reebok stepper, pictured below. Stair climbing 
will involve climbing the stairs in the Middlesbrough Tower building of Teesside University. 
Non-contact boxing involves wearing protective gloves and punching a soft punch pad, as 
pictured below.  
 
 
The exercise will be conducted following a high-intensity interval protocol. This means you will 
complete four 60 second bursts of exercise at an intensity that will cause your heart rate to 
increase to approximately 85% of your predicted maximum heart rate. The 60 seconds of 
exercise will always be followed by 60 seconds of rest and recovery. During the exercise 
sessions we will need you to wear a heart rate monitor around your chest. You will be asked 
to indicate how hard you think the exercise is (rating of perceived exertion) after each 60 
second exercise bout and after the whole session. We will also assess your mood using a 
questionnaire before and after completing the exercise sessions and we will assess how much 
you enjoyed the exercise session afterwards. We will measure your blood pressure again 10 
minutes after you have finished the exercise.     
 
Each session will last approximately 45 minutes (with 11 minutes of exercise) and will take 
place at time convenient to you. It does not matter what days you do the sessions on 
(weekdays only), but we do require them to be conducted at roughly the same time of day on 
each occasion (e.g. morning/ afternoon). 
 
After the exercise in sessions 2-4 when you leave the laboratory you will be asked to take a 
mood and enjoyment questionnaire with you to complete after 1 hour.  You can either give the 
questionnaire back to the researchers in person at the next exercise session or we will arrange 






What if something goes wrong? 
If you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Alasdair MacSween, 
details below. 
 
Is the study suitably covered for insurance purposes? 
Through its School of Health and Social Care, Teesside University has agreed to act as a 
sponsor for the proposed study and suitable insurance cover is in place.  
 
What if I change my mind about participating in the study? 
You are free to withdraw from the study at any point before or during the exercise sessions 
without giving a reason, until the completion of the last exercise session. At the first exercise 
session you will be assigned a participant identification (ID) number. If you wish to withdraw 
your data from the analysis in the first instance you should contact the project supervisor Dr 
Kathryn Weston with your participant ID number, contact details below.  
 
Informed consent and confidentiality 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. If you 
do decide to take part you will be asked to indicate your consent to participate by a reading 
and signing a consent form before the first data collection session.  
 
All information which is collected about you during the course of the study, will be kept strictly 
confidential. Unless through participation in this study any previously unknown medical 
condition becomes known to us, in which case we will inform you and suggest you consult 
your medical practitioner.  
 
You will not be identified in any publication or report from this research study. All information 
collected will be stored securely in a locked filing cabinet for the length of the project, and/or 
stored electronically on password protected computers at Teesside University. After the 
project is completed all the study materials and information will be stored securely by Teesside 
University for a minimum of 20 years. 
 
The exercise sessions will be conducted in the laboratory, apart from the stair climbing which 
will be conducted in the Middlesbrough Tower building of Teesside University. Because of 
this, other people may see you exercising and because of this your choice to participate may 
not be confidential. However you will not have to wear anything that will make you immediately 
identifiable as a participant in this study.  
 
The mood and enjoyment questionnaires that you will be asked to take with you to complete 
one hour after you have finished the exercise will contain your unique participant ID number 
and no other identifying information about you, so that only the researchers involved in this 
study will know who has completed the questionnaire. You can either give the questionnaire 
back to the researchers in person at the next exercise session or we will arrange to collect it 
from you at a mutually convenient time on the university campus.   
 
What are the possible benefits of taking part? 
There are no direct benefits to you for participating in this study. You may however enjoy 
participating in the exercise sessions.    
 
What are the possible risks or disadvantages of taking part?  
There are certain risks to participating, such as discomfort or injury from undertaking high 
intensity exercise. However the exercise sessions that we have planned have been used 
safely in a range of populations including people with heart disease and diabetes. The 
likelihood of physical injury occurring will be minimised by conducting a standardised warm up 
and cool down. You can terminate the exercise at any point if you feel uncomfortable or 




Will I be informed of the results of the research study? 
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If you would like to know any of the measurements taken in the first session (height, weight, 
blood pressure) we will only tell you if you ask us to do so. If through participation in this study 
any previously unknown medical conditions become apparent we would like to be able to tell 
you.  
 
We will be unable to provide any more individualised feedback. Upon your request we will be 
happy to provide you with a summary of the research findings, when analysis is complete.  
 
What will happen to the results of the study? 
The full results of this study will inform the written thesis of a Graduate Research student as 
part of the requirements of a PhD award from Teesside University. The results may also be 
included in academic journal articles or conference proceedings. You will not be identifiable in 
any form of publication from this research study.  
 
Who is organising the study?   
The School of Health and Social Care at Teesside University.  
 
Who has reviewed the study?  
Teesside University, School of Health and Social Care Research Governance and Ethics 
Committee has reviewed this study.                                                                                             
                                                                                             
Thank you for reading through this information.  




School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 384126 
: n.burn@tees.ac.uk 
 
Dr Kathryn Weston 
Senior Lecturer in Applied Bioscience for Health 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 342939 
: k.weston@tees.ac.uk 
 
If you wish to speak with someone who is knowledgeable about the study but not directly 
involved in it, or if have any complaints or comments you may contact:  
 
Alasdair MacSween Ph.D B.Sc.(Hons) MCSP 
Chair of School of Health & Social Care Research Governance and Ethics Committee 
School of Health & Social Care  
Teesside University 
Middlesbrough, TS1 3BA  







Rating of Perceived Exertion Familiarisation Protocol 
 
Adapted from Borg, 1998, pg. 51.  
 
I want you to rate your perception of exertion, that is, how physically 
demanding the exercise feels to you. The perception of exertion depends 
mainly on the strain and fatigue in your muscles and on your feeling of 
breathlessness or aches in the chest.  
I want you to use this scale from 0 to 10 and  where 0 means “no exertion at 
all” and 10 means “extremely hard” that is the maximal exertion you have 
previously experienced.  
 
1 corresponds to “very easy” exercise. For a normal healthy person it is like 
walking slowly at his or her own pace for several minutes.  
 
3 on this scale is “moderate” exercise, it is not especially hard, it feels fine and 
it is no problem to continue exercising.  
 
5 corresponds to “hard” exercise, it feels hard and you are tired, but you don’t 
have any great difficulties going on.  
 
7 is “very hard” and very strenuous. A healthy person can still go on but he or 
she has to push himself or herself a lot. It feels very hard and the person is 
very tired.  
 
10 on the scale is “extremely hard” or extremely strenuous exercise level. For 
most people this is an exercise as strenuous as they have ever experienced 
before in their lives.  
 
The dot denotes a perceived exertion that is stronger than 10, “extremely 
hard”. It is your “absolute maximum” for example 12 or 13 or even higher. It is 
the highest possible level of exertion.  
 
Try to appraise your feeling of exertion as honestly as possible without thinking 
about what the actual physical load is. Do not underestimate it, do not over 
estimate it either. It is your own feelings of effort and exertion that is important, 
not how it compares to other peoples. What other people think is not important 
either. Look at the scale and the expressions and then give a number. What 
maximum exertion have you previously experienced in your life? Use that as 
“10”. 





Bout Rating of Perceived Exertion Template 
 
How physically demanding was the entire 
minute, from start to finish? 
 
 
Rating   Descriptor 
 
0    Nothing at all 
0.3 
0.5    Extremely easy 
0.7 
1    Very easy 
1.5 
2    Easy 
2.5 
3    Moderate 
4 
5    Hard 
6 
7    Very hard 
8 
9 
10    Extremely hard 
11 









Session Rating of Perceived Exertion Template 
 
How physically demanding was the entire session, from 
start to finish? 
 
 
Rating   Descriptor 
 
0    Nothing at all 
0.3 
0.5    Extremely easy 
0.7 
1    Very easy 
1.5 
2    Easy 
2.5 
3    Moderate 
4 
5    Hard 
6 
7    Very hard 
8 
9 
10    Extremely hard 
11 









This scale consists of a number of words that describe different feelings and 
emotions. Read each item and then indicate on the scale below next to each word 



















Interested      
Distressed      
Excited      
Upset      
Strong      
Guilty      
Scared      
Hostile      
Enthusiastic      
Proud      
Irritable      
Alert      
Ashamed      
Inspired      
Nervous      
Determined      
Attentive      
Jittery      
Active      







Physical Activity Enjoyment Scale (PACES) 
 
Please rate how you feel at the moment about the exercise session that you 
completed today. 
Please fill in both pages of this questionnaire.  














I hated it 














I felt interested 














I liked it 














I found it unpleasurable 
















I was not at all absorbed 
in this activity 














It was a lot of fun 














I found it tiring 














It made me happy 














It was very unpleasant 
















I felt bad physically while 
doing it 














It was not at all 
invigorating 














I was not at all frustrated 
by it 














It was not at all gratifying  














It was not at all 
exhilarating 














It was very stimulating  
















It did not give me any 


















It was not at all refreshing 
I felt as though I would 
















I felt as though there was 







Intervention Group Participant Information Sheet (Study Four) 
BE@Work: Brief Exercise at Work 
A workplace physical activity programme 
 
Naomi Burn (PhD Student)  
Supervisors: Dr Kathryn Weston, Professor Greg Atkinson, Dr Matthew Weston 
PhD students assisting with health and fitness testing: Neil Maguire, Ryan Kenny, Kirsti 
Loughran, Phillip Williamson and Lesley Cooper 
 
You are being invited to take part in a research study that involves participating in a physical 
activity programme in your workplace. Before you decide whether or not you wish to 
participate, it is important that you understand why the study is being conducted and what it 
will involve. Please take time to read the following information carefully. Ask us if anything is 
not clear or if you would like more information. Take time to decide whether or not you wish to 
take part.  
 
What is the purpose of the study?  
This study will investigate if an 8 week programme of exercise in your workplace has an impact 
on your health and wellbeing. The purpose of this study is, in part, fulfilment of the PhD award 
of Naomi Burn from Teesside University.  
Who will be invited to take part?  
You and your colleagues are being invited to participate in this study. You are eligible to take 
part in this study if you are an employee of *organisation*, aged over 18 years of age. You 
do not need any experience with any form of physical activity to participate in this study. 
Your organisation has agreed to help recruit and provide facilities for the research project 
but they will not ever know who did or did not participate in the study. 
In order to confirm that you do not have any medical conditions that may preclude you from 
participating in this study, attached to this document is a questionnaire called the Physical 
Activity Readiness Questionnaire Plus (PARQ+). Please answer the questions on this 
questionnaire. The questionnaire will tell you if you are cleared for physical activity 
participation and therefore eligible to participate in this study.   
Unfortunately you will not be able to participate if you:  
 have any diagnosis or symptoms of cardiovascular or metabolic disease (such as history 
of heart attack, stroke or diabetes).  
 have been advised by a health professional to avoid physical exercise or activity. 
 are pregnant or might be pregnant. 
 cannot understand or speak English. 
When will this project run? 
The programme will begin in early April 2018 and will finish in June 2018. You will have the 
opportunity to attend a one-off taster session of physical activity in your workplace, facilitated 
by Naomi Burn (PhD Student) before you decide if you would like to participate in the 
programme, if you would like (dates available upon request) details below. 
 
Do I have to take part? 
No. Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. 
Your employment or working conditions will not be impacted by this decision.  
What will my participation involve? 
If you agree to take part in the study, you will be asked to indicate your consent to participate 
by a reading and signing a consent form.  
The programme involves attending three group exercise sessions per week, with some of 
your colleagues in your workplace, for 8 weeks. If you prefer, a one-to-one session can be 
facilitated at a separate time. The exercise sessions will last between 15-20 minutes and will 
include a range of exercises such as walking, stair stepping, non-contact boxing, stair 
climbing and exercise to music. You can choose which type of exercise appeals most to you.  
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There will be a choice of at least 2 sessions each day for the exercise sessions in your 
workplace, you can attend whichever session suits you best on each day. The sessions will 
either be in the morning before work (approximately 8:30am), at lunch time (approximately 
12pm) or in the afternoon (approximately 4:30pm). You will be given the opportunity to 
indicate your preferred timing during the health and fitness testing before the programme 
starts. 
The activities are suitable for all fitness levels and will be conducted in an interval training 
format (60 second exercise bursts, followed by 75 seconds rest). The exercise bursts are 
designed to elicit ≥85% of your age predicted maximum heart rate and will be tailored to 
each person’s fitness level and ability. The exercise will make your heart beat much faster 
than when you are at rest, make your breathing rate increase significantly (both during and 
for some time after the interval), and make you feel warm and possibly sweaty. The sessions 
will be facilitated by Naomi Burn (PhD student) and Neil Maguire (Graduate Tutor) from 
Teesside University. 
In order to assess the impact of the programme, a range of health and wellbeing tests will be 
conducted both before and after the programme. The tests will be conducted in a private room 
in your workplace and include: 
 Wellbeing measures: quality of life, mental wellbeing, stress and perceived work 
productivity will be measured using standardised paper based questionnaires.  
 Height and weight: Will be assessed using standard scales and measuring tape. 
 Waist and hip circumference: We will measure this by passing a tape measure around 
your bare stomach. 
 Blood pressure: Taken using an automatic blood pressure monitor.  
 Blood glucose and cholesterol: These will be obtained by taking a quick finger prick 
blood sample from your middle finger.  The blood will be collected in a small thin tube and 
assessed through a simple automatic blood analyser which processes the sample in 5 
minutes. Medical gloves will be worn by the researcher at all times and all materials 
contaminated with blood will be disposed of in a biohazardous waste container/sharps bin. 
No storage of blood will occur.  
 Aerobic fitness: The fitness of your heart and lungs during exercise will be assessed 
using a “Chester Step Test”. This involves stepping onto and off a box at a height relevant 
to each individuals age and usual physical activity level, at a set pace for a maximum of 
10 minutes or until the heart rate reaches ≥80% of age-predicted maximum, whichever is 
first. We will monitor your heart rate throughout using a wrist worn heart rate monitor. 
 Upper body strength: will be measured using a piece of equipment called a hand 
dynamometer. You will squeeze the dynamometer as hard as you can in your dominant 
hand. 
 Lower body strength: This involves sitting on a piece of equipment called a 
Nottingham Leg Rig with your foot pressed into a foot pedal.  You will push down with 
your foot onto the pedal as hard as you can and this measures your lower body strength.  
 Physical activity levels: We will measure your physical activity level over a 7 day 
period using a device called an accelerometer. The accelerometer is worn at your hip 
and is the size of a small match box. It is discreet and can be covered with clothing. This 
device tracks when you are sitting, standing or stepping, but does not track your location 
or where you travel or move to. 
 Additional measure of aerobic fitness: if you would like, you can also elect to come to 
the Exercise Physiology laboratories at Teesside University in order to undertake another 
test of your aerobic fitness called a VO2peak test, on a stationary bike. This test will let us 
know more accurately how effectively your body can transport and utilise oxygen to 
produce energy during exercise and what your maximum heart rate is.  This test is 
progressive, which means that the resistance on the bike will increase until you can’t pedal 
anymore and/or choose to terminate the test.  To obtain your maximum oxygen uptake, 
we need you to wear a lightweight portable metabolic system with a small face mask 
throughout the test.  The face mask will be attached for approximately 5 minutes prior to 
the start of the test to allow you to get used to it. The mask will cover your nose and mouth 
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and will be kept in place by an elasticised head strap. To obtain your maximum heart rate, 
we will also require you to wear a wrist worn heart rate monitor. 
 
During the exercise sessions you will wear a heart rate monitor on your wrist. You will be 
asked to indicate how hard you think the exercise is (rating of perceived exertion) after each 
session. We will use a standardised paper based questionnaire to assess your mood at 
fortnightly intervals throughout the programme and we will also assess whether you enjoyed 
the exercises or not during the final week of the programme, using a paper based 
questionnaire.  
Taster Sessions 
You will have the opportunity to come and try a one-off taster session of exercise before you 
decide if you would like to participate in the research project (dates and times here). At this 
session you will have the opportunity to try the exercises that will be conducted in the research 
project and have the chance to ask questions. At the taster session we will ask you to complete 
a PARQ+ to let us know if you are eligible to participate and a consent form to let us know you 
agree to participate in the taster session. No other data will be collected from you at that time, 
and by participating in the taster session you are not consenting to participate in any research 
study. 
What if something goes wrong? 
If you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Alasdair MacSween, 
details below. 
Is the study suitably covered for insurance purposes? 
Through its School of Health and Social Care, Teesside University has agreed to act as a 
sponsor for the proposed study and suitable insurance cover is in place. 
 
What if I change my mind about participating in the study? 
You are free to withdraw from the study at any point until the completion of the last data 
collection session. At the first session you will be assigned a participant identification (ID) 
number. If you wish to withdraw your data from the analysis in the first instance you should 
contact the project supervisor Dr Kathryn Weston with your participant ID number, contact 
details below.  
Informed consent and confidentiality 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. If you 
do decide to take part you will be asked to indicate your consent to participate by reading and 
signing a consent form before the first data collection session.  
All information which is collected about you during the course of the study, will be kept strictly 
confidential. Unless through participation in this study any previously unknown medical 
condition or findings which you would be wise to have investigated becomes known to us, we 
will inform you and suggest you consult your medical practitioner.  
You will not be identified in any publication or report from this research study. All information 
collected will be stored securely in a locked filing cabinet for the length of the project, and/or 
stored electronically on password protected computers at Teesside University. Only the PhD 
student (Naomi Burn) and supervisors named on this document will have access to the data 
that is collected about you by participating in this study. After the project is completed all the 
study materials and information will be stored securely by Teesside University for a minimum 
of 20 years. 
The non-identifiable research data will be stored indefinitely on a secure password protected 
server at Teesside University. This is in case other scientists wish to raise questions about 
the results that need checking against the dataset. In the event that the study is published in 
a scientific journal, the non-person identifiable research dataset may be made publicly 
available (for example, as a supplement to the journal article, or stored on an on-line scientific 
data repository). 
The exercise sessions will be initiated at your workplace in groups with your colleagues. 
Because of this, other people may see you exercising and therefore your choice to participate 
in the study may not be confidential. If you would like, we can facilitate individual sessions out 
with of the group exercise sessions, however because they will be initiated at your workplace 
other people may still see you exercising and therefore your choice to participate in the study 
may not be confidential.  
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What are the possible risks or disadvantages of taking part?  
There are certain risks to participating, such as discomfort or injury from undertaking exercise. 
However the exercise sessions that we have planned have been used safely in a range of 
populations. The likelihood of physical injury occurring will be minimised by conducting a 
standardised warm up and cool down. You can terminate the exercise at any point if you feel 
uncomfortable. The exercise sessions will be facilitated by qualified personnel (Naomi Burn, 
PhD Student and Neil Maguire (Graduate Tutor)) from Teesside University. Naomi Burn has 
both undergraduate and postgraduate level qualifications in physical activity for health and 
Neil Maguire has an undergraduate level qualification in Sports Science and a postgraduate 
qualification in Physiotherapy.  
You can choose to abstain from any of the health and wellbeing measurements if you choose.  
 
Will I be informed of the results of the research study? 
If you would like we will be able to provide individualised feedback on your results after the 
completion of the study. Upon your request we will be happy to provide you with a summary 
of the research findings, when analysis is complete.  
What will happen to the results of the study? 
The full results of this study will inform the written thesis of a Graduate Research student 
(Naomi Burn) as part of the requirements of a PhD award from Teesside University. The 
results may also be included in academic journal articles or conference proceedings. You will 
not be identifiable in any form of publication from this research study.  
Who is organising the study?   
The School of Health and Social Care at Teesside University.  
Who has reviewed the study?  
Teesside University, School of Health and Social Care Research Governance and Ethics 
Committee has reviewed this study.                                                                                                                                                        
Thank you for reading through this information.  




School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 384126 
: n.burn@tees.ac.uk 
Dr Kathryn Weston (Project Supervisor) 
Senior Lecturer in Applied Bioscience for Health 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 342939 
: k.weston@tees.ac.uk 
If you wish to speak with someone who is knowledgeable about the study but not directly 
involved in it, or if have any complaints or comments you may contact:  
Alasdair MacSween Ph.D B.Sc.(Hons) MCSP 
Chair of School of Health & Social Care Research Governance and Ethics Committee 
School of Health & Social Care  
Teesside University 
Middlesbrough, TS1 3BA  







Control Group Participant Information Sheet (study four) 
 
Assessment of health and wellbeing of employees 
 
Naomi Burn (PhD Student)  
Supervisors: Dr Kathryn Weston, Professor Greg Atkinson, Dr Matthew Weston 
PhD students assisting with health and fitness testing: Neil Maguire, Ryan Kenny, Kirsti 
Loughran, Phillip Williamson and Lesley Cooper 
 
You are being invited to take part in a research study looking at the health and wellbeing of 
employees in the Teesside area. Before you decide whether or not you wish to participate, it 
is important that you understand why the study is being conducted and what it will involve. 
Please take time to read the following information carefully. Ask us if anything is not clear or 
if you would like more information. Take time to decide whether or not you wish to take part.  
 
What is the purpose of the study?  
The purpose of this study is to assess various health and wellbeing outcomes in employees 
from organisations in the Teesside area. The purpose of this study is, in part, fulfilment of the 
PhD award of Naomi Burn from Teesside University.  
Who will be invited to take part?  
You and your colleagues are being invited to participate in this study. You are eligible to take 
part in this study if you are an employee of *insert name of organisation*, aged over 18 
years of age. Your organisation has agreed to help recruit and provide facilities for the 
research project but they will not ever know who did or did not participate in the study 
In order to confirm that you do not have any medical conditions that may preclude you from 
participating in this study, attached to this document is a questionnaire called the Physical 
Activity Readiness Questionnaire Plus (PARQ+). Please answer the questions on this 
questionnaire. The questionnaire will tell you if you are cleared for physical activity 
participation and therefore eligible to participate in this study.   
Unfortunately you will not be able to participate if you:  
 have any diagnosis or symptoms of cardiovascular or metabolic disease (such as history 
of heart attack, stroke or diabetes)  
 have been advised by a health professional to avoid physical exercise or activity 
 are pregnant or might be pregnant 
 cannot understand or speak English  
What will my participation involve? 
If you agree to take part in the study, you will be asked to indicate your consent to participate 
by a reading and signing a consent form.  
You will be invited to have the following health and wellbeing measures taken at two time 
points, one in April 2018 and one in June 2018 (dates to be confirmed).  
The measures will be conducted in a private room in your workplace and include: 
 Wellbeing measures: quality of life, mental wellbeing, stress and perceived work 
productivity will be measured using standardised paper based questionnaires.  
 Height and weight: Will be assessed using standard scales and measuring tape. 
 Waist and hip circumference: We will measure this by passing a tape measure around 
your bare stomach. 
 Blood pressure: Taken using an automatic blood pressure monitor.  
 Blood glucose and cholesterol: These will be obtained by taking a quick finger prick 
blood sample from your middle finger.  The blood will be collected in a small thin tube and 
assessed through a simple automatic blood analyser which processes the sample in 5 
minutes. Medical gloves will be worn by the researcher at all times and all materials 
contaminated with blood will be disposed of in a biohazardous waste container/sharps bin. 
No storage of blood will occur.  
 Aerobic fitness: The fitness of your heart and lungs during exercise will be assessed 
using a “Chester Step Test”. This involves stepping onto and off a box at a height relevant 
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to each individuals age and usual physical activity level, at a set pace for a maximum of 
10 minutes or until the heart rate reaches ≥80% of age-predicted maximum, whichever is 
first. We will monitor your heart rate throughout using a wrist worn heart rate monitor. 
 Upper body strength: will be measured using a piece of equipment called a hand 
dynamometer. You will squeeze the dynamometer as hard as you can in your dominant 
hand. 
 Lower body strength: This involves sitting on a piece of equipment called a 
Nottingham Leg Rig with your foot pressed into a foot pedal.  You will push down with 
your foot onto the pedal as hard as you can and this measures your lower body strength.  
 Physical activity levels: We will measure your physical activity level over a 7 day 
period using a device called an accelerometer. The accelerometer is worn at your hip 
and is the size of a small match box. It is discreet and can be covered with clothing. This 
device tracks when you are sitting, standing or stepping, but does not track your location 
or where you travel or move to. 
 Additional measure of aerobic fitness: if you would like, you can also elect to come to 
the Exercise Physiology laboratories at Teesside University in order to undertake another 
test of your aerobic fitness called a VO2peak test, on a stationary bike. This test will let us 
know more accurately how effectively your body can transport and utilise oxygen to 
produce energy during exercise and what your maximum heart rate is.  This test is 
progressive, which means that the resistance on the bike will increase until you can’t pedal 
anymore and/or choose to terminate the test.  To obtain your maximum oxygen uptake, 
we need you to wear a lightweight portable metabolic system with a small face mask 
throughout the test.  The face mask will be attached for approximately 5 minutes prior to 
the start of the test to allow you to get used to it. The mask will cover your nose and mouth 
and will be kept in place by an elasticised head strap. To obtain your maximum heart rate, 
we will also require you to wear a wrist worn heart rate monitor. 
When will this project run? 
The same health and wellbeing measures will be taken at two time points, one in April 2018 
and one in June 2018 (dates to be confirmed).  
Do I have to take part? 
No. Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. 
Your employment or working conditions will not be impacted by this decision.  
 
What if something goes wrong? 
If you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Alasdair MacSween, 
details below. 
Is the study suitably covered for insurance purposes? 
Through its School of Health and Social Care, Teesside University has agreed to act as a 
sponsor for the proposed study and suitable insurance cover is in place.  
What if I change my mind about participating in the study? 
You are free to withdraw from the study at any point until the completion of the second data 
collection session. At the first session you will be assigned a participant identification (ID) 
number. If you wish to withdraw your data from the analysis in the first instance you should 
contact the project supervisor Dr Kathryn Weston with your participant ID number, contact 
details below.  
Informed consent and confidentiality 
Taking part is entirely voluntary, it is up to you to decide if you want to take part or not. If you 
do decide to take part you will be asked to indicate your consent to participate by a reading 
and signing a consent form before the first data collection session.  
All information which is collected about you during the course of the study, will be kept strictly 
confidential. Unless through participation in this study any previously unknown medical 
condition or findings which you would be wise to have investigated becomes known to us, we 
will inform you and suggest you consult your medical practitioner.  
You will not be identified in any publication or report from this research study. All information 
collected will be stored securely in a locked filing cabinet for the length of the project, and/or 
stored electronically on password protected computers at Teesside University. Only the PhD 
student (Naomi Burn) and supervisors named on this document will have access to the data 
that is collected about you by participating in this study. After the project is completed all the 
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study materials and information will be stored securely by Teesside University for a minimum 
of 20 years. The non-identifiable research data will be stored indefinitely on a secure password 
protected server at Teesside University. This is in case other scientists wish to raise questions 
about the results that need checking against the dataset. In the event that the study is 
published in a scientific journal, the non-person identifiable research dataset may be made 
publicly available (for example, as a supplement to the journal article, or stored on an on-line 
scientific data repository). 
Because the data collection will take place at your workplace during working hours, your 
choice to participate may not be confidential. Other people in your organisation may know that 
you have chosen to participate in this study.  
What are the possible risks or disadvantages of taking part?  
Possible risks or disadvantages are minimal. You can choose to abstain from any of the health 
and wellbeing measurements if you choose.  
The “Chester Step Test” that will be used in order to test your aerobic fitness involves 
performing relatively vigorous intensity exercise. There are certain risks to participating in 
vigorous intensity exercise such as discomfort or injury. However this type of fitness tests is 
regularly used in a range of populations. You can terminate the exercise at any point if you 
feel uncomfortable.  
Contamination from the blood measures will be prevented by using one-piece single used 
lancets and gloves will be worn by the trained researcher at all times.  Additionally, all materials 
contaminated with blood will be disposed of in a biohazardous waste container/sharps bin. 
Will I be informed of the results of the research study? 
If you would like we will be able to provide individualised feedback on your results after the 
completion of the study. Upon your request we will be happy to provide you with a summary 
of the research findings, when analysis is complete.  
What will happen to the results of the study? 
The full results of this study will inform the written thesis of a Graduate Research student 
(Naomi Burn) as part of the requirements of a PhD award from Teesside University. The 
results may also be included in academic journal articles or conference proceedings. You will 
not be identifiable in any form of publication from this research study.  
Who is organising the study?   
The School of Health and Social Care at Teesside University.  
Who has reviewed the study?  
Teesside University, School of Health and Social Care Research Governance and Ethics 
Committee has reviewed this study.                                                                                                                     
Thank you for reading through this information.  
If you have any further questions please contact Naomi Burn or Dr Kathryn Weston 
(project supervisor). 
Naomi Burn  
PhD Student 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 384126 : n.burn@tees.ac.uk 
Dr Kathryn Weston (Project Supervisor) 
Senior Lecturer in Applied Bioscience for Health 
School of Health and Social Care 
Teesside University 
Middlesbrough, TS1 3BA 
: 01642 342939 : k.weston@tees.ac.uk 
If you wish to speak with someone who is knowledgeable about the study but not directly 
involved in it, or if have any complaints or comments you may contact:  
Alasdair MacSween Ph.D B.Sc.(Hons) MCSP 
Chair of School of Health & Social Care Research Governance and Ethics Committee 
School of Health & Social Care  





SF-36 Medical Outcomes 36-Item Short Form Health Survey 1.0 
Choose one option for each questionnaire item. 
 
1. In general, would you say your health is: 
o 1 - Excellent 
o 2 - Very good 
o 3 - Good 
o 4 - Fair 
o 5 – Poor 
2. Compared to one year ago, how would you rate your health in general now? 
o 1 - Much better now than one year ago 
o 2 - Somewhat better now than one year ago 
o 3 - About the same 
o 4- Somewhat worse now than one year ago 
o 5- Much worse now than one year ago 
 
The following items are about activities you might do during a typical day. Does your 













3. Vigorous activities, such as running, 
lifting heavy objects, participating in 
strenuous sports 
1 2 3 
4. Moderate activities, such as moving a 
table, pushing a vacuum cleaner, 
bowling, or playing golf 
1 2 3 
5. Lifting or carrying groceries 1 2 3 
6. Climbing several flights of stairs 1 2 3 
7. Climbing one flight of stairs 1 2 3 
8. Bending, kneeling or stooping 1 2 3 
9. Walking more than a mile 1 2 3 
10. Walking several blocks 1 2 3 
11. Walking one block 1 2 3 





During the past two weeks, have you had any of the following problems with your 
work or other regular daily activities as a result of your physical health? 
 
13. Cut down the amount of time you spent on work 
or other activities  
 
 Yes  No 
14. Accomplished less than you would like 
 
 Yes  No 
15. Were limited in the kind of work or other activities 
 
 Yes  No 
16. Had difficulty performing the work or other 
activities (for example, it took extra effort) 
 Yes  No 
 
 
During the past two weeks, have you had any of the following problems with your 
work or other regular daily activities as a result of any emotional problems (such 
as feeling depressed or anxious)? 
17. Cut down the amount of time you spent on work 
or other activities 
 Yes  No 
18. Accomplished less than you would like  Yes  No 
19. Didn't do work or other activities as carefully as 
usual 
 Yes  No 
 
20. During the past two weeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends, neighbours, 
or groups? 
 
o 1 - Not at all 
o 2 - Slightly 
o 3 - Moderately 
o 4 - Quite a bit 
o 5 – Extremely 
 
21. How much bodily pain have you had during the past two weeks? 
 
o 1 - None 
o 2 - Very mild 
o 3 - Mild 
o 4 - Moderate 
o 5 - Severe 





22. During the past two weeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)? 
 
o 1 - Not at all 
o 2 - A little bit 
o 3 - Moderately 
o 4 - Quite a bit 
o 5 – Extremely 
 
These questions are about how you feel and how things have been with you during 
the past two weeks. For each question, please give the one answer that comes 
closest to the way you have been feeling. 
 

























23. Did you feel full 
of pep? 
1 2 3 4 5 6 
24. Have you been 
a very nervous 
person? 
1 2 3 4 5 6 
25. Have you felt 





1 2 3 4 5 6 
26. Have you felt 
calm and 
peaceful? 
1 2 3 4 5 6 
27. Did you have a 
lot of energy? 
1 2 3 4 5 6 
28. Have you felt 
downhearted and 
blue? 
1 2 3 4 5 6 
29. Did you feel 
worn out? 
1 2 3 4 5 6 
30. Have you been 
a happy person? 
1 2 3 4 5 6 
31. Did you feel 
tired? 





32. During the past two weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting with friends, 
relatives, etc.)? 
1. 1 - All of the time 
2. 2 - Most of the time 
3. 3 - Some of the time 
4. 4 - A little of the time 
5. 5 - None of the time 
 















33. I seem to get sick a 
little easier than other 
people 
1 2 3 4 5 
34. I am as healthy as 
anybody I know 
1 2 3 4 5 
35. I expect my health to 
get worse 
1 2 3 4 5 
36. My health is 
excellent 






 Warwick Edinburgh Mental Wellbeing Scale 
Below are some statements about feelings and thoughts. Choose one 
option for each questionnaire item. 
 
 
Please circle the box that best 
describes your experience of each, 







Rarely  Some of 
the time  
Often  All of 
the 
time  
 I’ve been feeling optimistic 
about the future  
1 2 3 4 5 
 I’ve been feeling useful  1 2 3 4 5 
 I’ve been feeling relaxed  1 2 3 4 5 
 I’ve been feeling interested in 
other people  
1 2 3 4 5 
 I’ve had energy to spare  1 2 3 4 5 
 I’ve been dealing with problems 
well  
1 2 3 4 5 
 I’ve been thinking clearly  1 2 3 4 5 
 I’ve been feeling good about 
myself  
1 2 3 4 5 
 I’ve been feeling close to other 
people  
1 2 3 4 5 
 I’ve been feeling confident  1 2 3 4 5 
 I’ve been able to make up my 
own mind about things  
1 2 3 4 5 
 I’ve been feeling loved  1 2 3 4 5 
 I’ve been interested in new 
things  
1 2 3 4 5 





Perceived Stress Scale 
The questions in this scale ask you about your feelings and thoughts during the 
last two weeks. In each case, you will be asked to indicate by circling how often 
you felt or thought a certain way.  
 






1. In the last two weeks, how 
often have you been upset 
because of something that 
happened unexpectedly?  
0 1 2 3 4 
2. In the last two weeks, how 
often have you felt that you 
were unable to control the 
important things in your life?  
0 1 2 3 4 
3. In the last two weeks, how 
often have you felt nervous and 
“stressed”?  
0 1 2 3 4 
4. In the last two weeks, how 
often have you felt confident 
about your ability to handle 
your personal problems?  
0 1 2 3 4 
5. In the last two weeks, how 
often have you felt that things 
were going your way?  
0 1 2 3 4 
6. In the last two weeks, how 
often have you found that you 
could not cope with all the 
things that you had to do?  
0 1 2 3 4 
7. In the last two weeks, how 
often have you been able to 
control irritations in your life?  
0 1 2 3 4 
8. In the last two weeks, how 
often have you felt that you 
were on top of things?  
0 1 2 3 4 
9. In the last two weeks, how 
often have you been angered 
because of things that were 
outside of your control?  
0 1 2 3 4 
10. In the last two weeks, how 
often have you felt difficulties 
were piling up so high that you 
could not overcome them?  
0 1 2 3 4 
 
 
 
 
 
 
